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microprocessor-controlled diode matrix array. The matrix detector senses
an IR emitting light source which is located on the model target. The
flight equations of motion for the missile are solved by a 16-bit
microprocessor every 0.02 seconds. A second coordinated 16-bit processor
controls a display that plots both vertical and horizontal aiming error
for analysis of the gunner'sa performance by an instructor. Experienced
TOW gunners have tested the system and attested to the realism and training
potential.

* . The report also describes a method of simulating the TOW thermal sight

for gunner training.
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SIJMARY

The Simulated Tank Anti-Armor Gunnery System (STAGS) is a generic trainer
developed to train TOW, DRAGON, STINGER/ILAW and other missile gunners at a
reasonable cost.

This report describes the research-model/STAGS TOW. The Simulated Tank
Anti-Armor Gunnery System (STAGS-T) employs multiple microprocessors to solve
the TOW flight equations, generate graphics, generate weapon sounds, and
control stepper motors that move three miniature models on a terrain board. A
computer-generated voice and microprocessor-controlled sound system coordinate
the training session by issuing the standard firing commands. When the
trainee fires, he hears the weapon's ignition. While looking through the
sight, he sees smoke at launch. When the smoke clears, he views the missile
moving down range and the explosion at impact. The trainee can use either of
the two simulated sights -- optical or thermal. Realistic thermal images are
presented in the thermal sight. The instructor can view in real-time both a
TV picture of the gunner's sight picture and a graphics display of gunner
aiming error vs. range. The instructor can recall the missile's flight path
vs. range.

This model has been evaluated by experienced TOW gunner teams from both
the U.S. Marine Corps and U.S. Army. Assessment of these evaluators was that
the task simulation is highly realistic and that the approach should yield a
high level of training transfer.

A laboratory model was constructed by the Advanced Simulation Concepts
Laboratory, Naval Training Equipment Center, Orlando, Florida, for the U.S.
Army Project Manager for Training Devices (PM TRADE) and the U.S. Marine Corps.

%'I

Acc' .; ~For

NTT

%I

".' "



?.7 7

TABLE OF CONTENTS

PAGE NUMBER

1. Introduction. . . . . . . . . . . *.........* . . . . .

II. System Description . . . . . . . . . . . . . *.. .. .. .. .... 8

III. System Design . . . . . . . . . . . . . . . . .......... 23

A. Electro-Optics Subsystem .. .. .. . . . . . . . . . . 23
B. Microprocessor Subsystem. . . . . . . . . . . . . . . . 25
C. Computer Graphics and Video Subsystem . . . . . . . . . 29
D. Computer Voice System. . . 34
E. Computer Generated Sound System ........... 44
F. Miniature Target Board. . . . . . . . . . . . . . . . . 46
G. TOW Statistical Package . . . . . . . . . . . . . . . . 51

IV. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . 54

Appendix

A. TOW Flight Simulation Equations . . . . . . . . . . . . 55
. B. Multiprocessor Main Programs. . . . . . . . . . . . . . 65

C. Computer Graphics and Video Subsystem Programs. . . . . 125
D. Computer Generated Sound System Programs. . . . . . . . 176
E. Terrain Board Model Control Programs ...... . . . . 190
F. Computer Generated Voice Program...... . . . . . . 200
G. Statistical Package . . . . . . . . . . . . . . . . . . 221

N.

5','..

. .

S .

...

5%.4.

"" ii

-. " . , , . . . . . , ,-. .- , m, ' .' . . 5.. , . * ,.*. .. .. .. .. . . .. - ,- .,•, .. ,. .,,.-S



! . ,. ' . . ; 
. '  

. - j, . .; > -., . -- - - .- . • . . - , .- • . . , • .. . . .. ... ,

LIST OF ILLUSTRATIONS

PAGE NUMBER

1-1 STAGS TOW System. . . . . . . . . . . . . . . . . . . . . . 3
1-2 Terrain Board . . . . . . . . . . . . . . . . . . . . . . . 4
1-3 Instructor's Console. . . . . . . . . . . . . . . . . . . . 5
1-4 Day Sight and Thermal Sight (Front View). . . . . . . . . . 6
1-5 Day Sight and Thermal Sight (Rear View) . . . . . . . . . . 7

II-1 System Block Diagram. . . . . . . . . . . . . . . . 9
11-2 Gunner Aiming Error vs. Range (Hit Kill).......... . 11
11-3 Missile Position vs. Range (Hit Kill) . . ..... .......... 12
11-4 Gunner Aiming Error vs. Range (Hit Disable) ........ . 13
11-5 Missile Position vs. Range (Hit Disable). . . . . ..... 14
11-6 Gunner Aiming Error vs. Range (Guidance Lost) . . . .... 15
11-7 Missile Position vs. Range (Guidance Lost) . ........ 16
11-8 Gunner Aiming Error vs. Range (Wire Broke) . . . . ..... 17
11-9 Missile Position vs. Range (Wire Broke) .. . . . . . 18
II-10 Gunner Aiming Error vs. Range (Ground Impact) ..... . . 19
11-11 Missile Position vs. Range (Ground Impact). . . . . . . . . 20
11-12 Gunner Aiming Error vs. Range (Miss). . . . . . . . . . . . 21
11-13 Missile Position vs. Range (Miss) . . . . . . . . . . . . . 22
III-1 Electro-Optics and Thermal Sight Subsystem. . . . . . . . . 24

111-2 Microprocessor Subsystem. . . . . . . . . . . . . . . . . . 26
111-3 Computer Graphics and Video Subsystem . . . . . . . . . . . 30
111-4 Computer Synthesized Voice Subsystem. . . . . . . . . . . . 35
111-5 Integrated Circuit Complement of Computer

Synthesized Voice Subsystem ...... . . . . . . . . . . 35
111-6 Computer Synthesized Voice Subsystem Schematic (1 of 3). . 36
111-7 Computer Synthesized Voice Subsystem Schematic (2 of 3) . . 37
111-8 Computer Synthesized Voice Subsystem Schematic (3 of 3) . 38
11. 11I-9 Flowchart of UP241W,019 . . . . . . . . . . . . 0 . .. 41

III-10 Flowchart of Tank - Init. Procedure . . . . . . . . . . . . 42
III-11 Flowchart of Tank Start and Tank Killed Procedures. 43
111-12 Computer Generated Sound System. . . . . . . . . . . . . . 45
111-13 Computer Generated Sound Schematic. . . . . . . . . . . . . 45

. 111-14 Stepper Motor Drive Circuits. . . . . . . . . . . . . . . . 48
111-15 IR Source Driver. . . . . . . . . . . . . . . . . . . . . . 49
111-16 Terrain Board Control System. ............... 49
111-17 Terrain Board Control System Schematic. .......... 50
111-18 Gunner Aiming Error in Azimuth and Elevation. . . . . . . . 52
111-19 Statistics for Complete Flight. . . . . . . . . . . . . . . 52
111-20 Interval [0,4) Statistics . . . . . . . . . . . . . . . . . 53
111-21 Interval [4,14) Statistics...... . . . . . . . . . . . 53

4W4

%.

.; . . . . . . . . . . . .4. . . .. . . - •.. .. . . . . -. ,, -- ,., : - , , ',



• . '.'."~ ~ ~ . . .' .' "..- . . ' °. . '. ..- .'

.LIST OF ILLUSTRATIONS
(continued)

.-.9
PAGE NUMBER

A-1 First Order Correction Curve. . . . . . . . . . . . . . . . 60
A-2 Block Diagram of STAGS-T .. ............... . 62
A-3 Equivalent Block Diagram ................... 62
A-4 Coefficient Approximations. . . . . . . . . . . . . . . . . 64
A-5 Downrange Velocity and Position vs. Time ...... .... 64

G-1 Addition to TOW Flight Module ............... 222
G-2 Revised "HX2AS" Procedure ..... . . . . . . . . . 223
G-3 Revised "Action-Wait" Procedure ........ . ....... 223
G-4(A) Addition to "Keyboard-IO" Module . . . . . . . 224
G-4(B) Addition to "Keyboard-IO" Module ... . . . .. . 225
G-4(C) Addition to "Keyboard-IO" Module . . . . . . . 226

* 5,iv

%-,

.9
q

:-::;.:.

,J-

S..

9," -

'°-4

• . . . -. . . . . . . . . . . . , , • - , • • . . % . , .
" w " W

-, . . . .5, .. . . . . . . . . . . - . - . - , , , , , " " " % . , - ' ,. . . .,• 
, . . " " • • . . , . . . . . . . - • • , • 

• 
_ W _



SECTION I

INTRODUCT ION

This report describes a system using advanced electro-optics and
- microprocessor technology to enable training of TOW gunners at a reasonable

cost. Anti-armor live-fire training is expensive. Each live round costs
thousands of dollars. The user community finds that presently-fielded devices
and simulators are inadequate for full gunnery training.

TOW is a crew-portable, heavy anti-tank weapon designed to attack and
defeat armored vehicles and field fortifications. The missile is

*tube-launched, optically-tracked, wire command-link guided. The gunner guides
the missile by tracking the target either through an optical telescope (day
sight) or an infrared night vision sight (thermal sight). The thermal sight
is a passive device that detects heat emissions (infrared energy) from a
target area, converts the infrared energy to electrical signals and then to
visible light and displays the visible light as a real-time scene for tracking
by the gunner.

In the STAGS trainer, the targets are miniature scale model tanks on a
terrain board. Movement of the tanks is accomplished using microprocessor-
controlled stepper motors. A computer-generated voice and microprocessor-
controlled sound system coordinate the training sessions by issuing the firing
commands to the student; this subsystem also supports instructor-selectable
real-time automated student coaching.

When the trainee fires the STAGS-T training device, he hears the gyro
I. wind-up noise followed by the explosions of the rocket launch.

In the sight, he observes the smoke from launch and, when the smoke
clears, he sees the missile flying down range. The visual explosion at the
final missile impact is also inserted in the sight. In mission scenarios, one
or more tank models maneuver over terrain and can move into cover.
Multiple-threat scenarios have been designed to force students to select the
greater threat or to practice target transfer.

After the mission is completed, the computer-generated voice unit tells
the trainee where the missile impacted.

During missile flight, the instructor can view, in real-time, both a TV
picture of the gunner sight picture and a graphics plot of gunner aiming error
vs. range. The instructor can also recall the missile's flight path vs. range.

In summary, key features of STAGS-T are:

" Both the optical and thermal sights are simulated for all-situation
training.

* Computer-controlled, computer-generated voice unit issues all firing
Wcommands to the trainee to initiate the firing sequence.

b 
•
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a Computer-controlled voice may both coach and debrief the trainee.

. Microprocessors solve TOW flight equations for realistic control
training.

• Missile explosions as well as return fire are simulated.

. The student uses realistic missile reaction to in-flight gunnery
commands.

0 Highly-detailed models maneuver over a hilly terrain board,
supporting training of both simple and complex tracking skills,
including target transfer and -- for advanced gunnery -- "flying the
missile" around obstructions.

- Cost of expensive targets and missile are not required.

. Video record and playback capability is available.

o Random target evasive maneuvers can be selected as a scenario choice.

* Smoke and obscurants may be inserted in the gunner's sight.

' Real-time feedback to the instructor include both the gunner's sight
picture and gunner aiming error, GAE, vs. range.

Figures I-1 through 1-5 show the STAGS-T laboratory model.

A similar system (STAGS-D) was developed for DRAGON. The DRAGON system
-* was well accepted by the user community. STAGS-T also has been demonstrated

to experienced gunners, with similar acceptance.
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Figure 1-3. Instructor's Console.
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SECTION II

SYSTEM DESCRIPTION

A system block diagram is shown in Figure II-1. The system consists of
three basic components:

Terrain Board,
Student TOW Station, and
Instructor's Console.

The TOW utilizes a 13X sighting telescope and can engage targets beyond
3,000 meters. Computer-generated imagery, video-disc and movies were
considered for the display system but they lacked the resolution required for
a well-defined target at TOW ranges. To overcome such deficiencies,
model-board presentation was selected. Targets consist of three (3) 1/285
scaled tank models. The models can rotate and simulate motion at oblique
angles as well as toward the gunner or across his field of view. One model
moves on a track as if on a hill; another model is behind the hill and moves
in and out of the cover of the hill. The third model, controlled by a linear
actuator, moves up and down so any degree of defilade can be simulated. This
model can also "bounce" slowly up and down, giving an appearance of movement
on a rough road. The scale models used in the lab model are commercially
available "micro-amor" models and have excellent detail. The models are
moved by intelligent positioning stepper motor controllers. The instructor
selects engagement scenario and the Personnel Interface Processor (PIP) loads
the program into an internal program buffer in the stepper motor controller.
While moving the model, the controller functions independently of the PIP and
executes the commands that were stored in the program buffer. Engagement
scenarios are stored in the PIP and are selectable from the instructor's
console by the input terminal. The velocity, direction and range of the tank

-' .targets is in the scenario program. A programmable output pin on the
positioning stepper motor controller is used to synchronize the computer voice
system which issues the firing orders to the trainee. Human-l ike speech
firing commands are given the trainee by a National Semiconductor speech
processor. Vocabulary words used in the system are stored in ROM of the

Z, . speech synthesizer system. The operator can also select a "coach" function
which coaches the trainee during the missile flight.

Gunner aiming errors (GAE) are determined using a 100 x 100 photodiode
matrix camera located on the simulated TOW weapon and boresighted to the
sight. The matrix camera views an infrared light source at the target; the
output data is sent to a Missile Flight Simulator (MFS) processor to determine

". the GAE. Target location and velocity are also input to the missile flight
system by monitoring the stepper motor pulses. The fS processor solves the
TOW flight equations and provides status to the PIP. The PIP controls the
graphics units which inserts the smoke, missile and impact explosions graphics
into the gunner's sight. This processor also controls the GAE display on the
instructor's console. This display plots GAE vs. range in real-time. On a
recall basis, missile position vs. range is plotted for debrief of the gunner.

-A.
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.-* Both processors, the FS and PIP, use the Intel 8086 microprocessor. The
FS also uses the 8087 math coprocessor. The 8087 coprocessor allows all

flight equations to be solved using floating-point arithmetic in real-time and
expands the graphics capability over the original STAGS-DRAGON.

The AWTAS-4A night sight is also simulated so the gunner can be trained
in the use of both day and thermal sights. Simulated thermal targets were
developed and are discussed in Section III-F.

The FS communicates with a General Instrument sound-producing integrated
circuit which produces the gyro wind-up, rocket motor, and warhead
explosions. Sounds are attenuated as a function of the distance of the
missile from the trainee.

A TV screen on the instructor's console provides the instructor with the
same view as seen through the gunner's sight. TV data are obtained from a
CCTV camera located on and boresighted to the simulated TOW day sight.

Data printouts for both a hit and various types of misses are shown in
Figures 11-2 through 11-13.

The instructor reviews, in real-time, gunner aiming error vs. range. He
can recall, after the missile flight, the missile position vs. range. Various
phenomena due to poor gunner performance are also simulated, i.e., lost
guidance, etc.

10

@2.Z

.,." .-



.. p

METERS **HIT KILL**"-'" EL M. M 0" A7TMIUTH.'

4000- .L O

3500 .e~ILIL.1 NAME:30Q"- DOE

3000- DAY

3000 NETER

2500- SCENA.RIO:

2000- 
eiiI

1500-,,, "

J.i ! Pw " (DOWNH) (LEFT) L (RIGHT)
0'aa- .ll .

1000E (100 MICRO RO TICS) (100 MICRO RAO TICS)

~Figure 11-2. Gunner Aiming Error vs. Range (Hit Kill).•

":- -

~. - V j
(DUN LET)(IGT

" ° " " "' ." " ." -, : ' '• , ' .." ¢ ; 3 " / " .° " .' ' .' ' ' -." ., ." " " " " " , ' " "' """ " .., , a I l m s , iiL ,U 'a, i , ,l..l .i ,,. , .., m " "



0";

METERS **HIT KILL**

4000-

350 T T NAME:
T A L j.N.DE

IA SIGHT:

3'.0 0 - R DAY
6EIE RANGEF --

E T 3000 METER

2500- T.SCENARIO:

2000- L

1000- (
500-

RANGE MSSISILE ELEVATION MISSILE AZIMUTH
(1 METER TICS) (1 METER TICS)

.-U'..

Figure 11-3. Missile Position vs. Range (Hit Kill).

P. 12
m ._ 4.

% -o,4''''' .. ,,% ,%, , *. -. ,' 2' . o, '': , ','-' 4.. , * *'V' - ." ~ ". , ,,. -. % . ..'-' '.., -. 'o4,. p ,%'.. ,,''%.'



-. , , t , ,. . : , .:%4 , ,, . . . . .. . . . . - , ,. . ' - , ,. ; . . ---

METERS **HIT DISABLE**ELu ON UMT

4000- L ON IITH

3500- NAME:

3000- DAY

2500-3000 iETER

1500- "'

-. 1000-
.- . . . ,4

1500-
1000lOO- - " *.,

500- '

(UP) (DOUN) (LEFT) (RIGHT)

RANGE (100 MICRO RAD TICS) (100 MICRO RAD TICS)
***ERROR LIMIT EXCEEDED*** AUTO.BORESIGHT

8',°."

"..

Figure 11-4. Gunner Aiming Error vs. Range (Hit Disable).

13

,. /

.dt .... q



, , . , - - - .. .- - . . . . . . . ..

-- .METERS **HIT DISABLE**

4000-

T350 0- TI LNE:
TI AI LA" I n ----

3000- GI 0ED
..,, DAYs HT'

TI 3000 METER
0- SCENARIO:

2000-

1500-

1000-

Soo-

i)

RANGE MISSILE ELEUATION MISSILE AZIMUTH
(1 METER TICS) (1 METER TICSj

Figure 11-5. Missile Position vs. Range (Hit Disable).

14

V- a, , : .-. .V_ q -. , *V_. -:, J_,. .,' ,, , .... '. .. .- , . ........ .. - .... - .. ,
i d u • n ° . . I *.U |



METERS GROUND IMPACT - GUIDANCELOST

4000- EL ON ........ z IIL.....

3500o- I NAME:

1 SIGHT:
3000-4 DAY

• RANGE:
•-"3000 METER

2500- SCENARIO:

""" 2000-

1500- r 4...
jl *10-0

500-

(UP) !  (DOWN) (LEFT) (RIGHT)

0- PI9Irl%

RANGE (100 MICRO RAD TICS) (100 MICRO RAD TICS)

Figure 11-6. Gunner Aiming Error vs. Range (Guidance Lost).
15

-. .

. ,-'.% '*'~



METERS GROUND IMPACT - GUIDANCL.LOST

4000-

3500- T NATE:

3000- R 6 N DAY

El E RANGOE:--E T 3000 ,ETER2500- TscE,,RIo.

I,H1 2000- 
I

1500- 

j

100-

RANCE MISSILE' ELEVATION M IS SI LE AZMU'TH(I METER TICS) (I METER TICS)

SI

-p •

Figure 11-7. Missile Position vs. Range (Guidance Lost).
S 16

° 
**..** -* ..- . . *C ** .* ***::. :. -.. .''



METERS GROUND IMPACT W IRE BROKE
.oEL !L ON A7zIOLIGH

3500- NAME:

~0 00-. I i DAY

3000 ;ETEA

2500- +I

2090-

* 1500-

1000-

(U- (DOWN) (LEFT) 1  ij (RIGHT)

R ANME (100 MICRO RAO TICS) (100 MICRO0 RAO TICS)

Figure 11-8. Gunner Aiming Error vs. Range (Wire Broke).

17



METERS GROUND IMPACT W IRE BROKE

4000-

TT
A~ A L IGT

3000- R ----DA
E E I4NGE7

ET 300 ;ETER
2500- TSCENAR.O

2000-1
N

1500-

500-

RANGE MISSILE ELEVATION MISSILE AZIMUTH
(I METER TICS I1 M ETERA TC 0

Figure 11-9. Missile Position vs. Range (Wire Broke).

8 18



METERS GROUND IMPACT 896.4 METER(S) SHORT
4000- ELMITON 1  ZI l"H

350.-1. NAME:
II " S 1 HT;

3000- DAY
RANGE:
0000 METER

2500-

iP 000- - (LEFT) • .(RIGHT)

*0 - LIM A
RANGE (100 MICRO RAO TICS) (U00 MICRO RAO TICS)

"' "i T°  "%" llt~lt ,

Figure fo--. GunrAmn ro s Rne(rudIpc)

19.

"-° Z7

'.

Fiue1-0. Gne Aiming ) CError .Rag (Gon (IpaT).

-- E



0 . - -, - W

J~*1

METERS GROUND IMPACT 896.4 METER($) SNORT
-. 4000- "

T
3500- TiaL MK'E;T LAE

M1 SPiGHT-
3000- G1H , -DAY

6El E RAINGE:
T 3000 METER

- ~ 500-SCENARIO:
" <-.. I "

- *?- .2500- T I',
-; 12000- ::

loo

RANGE MI.SILE ELEVATION MISSILE AZIMUTH
(I METER TICS) (1 METER TICS)

A"%'

* I-

AFigure I-11. Missile Position vs. Range (Ground Impact).

-. .*20



METERS GROUND IMPACT 0.5 METER(S) RIGHT 4.5 METER'S) HIGH
40-EL- TO" A7TWTH

3500- NANE:

3000 EE
2500- CNR F

2000- 
.*~'

1500- 
.**

................... 
..

1000- 4

Soo-

(UP) (DOWN) (LEFT) 'bRIGHT)
0- tYh.' 

____

RANGE (100 MICRO RAD TICS) (100 MICRO RAD TICS)

Figure 11-12. Gunner Aiming Error vs. Range (Miss).



METERS GROUND IMP"CT 0u.5 METIER(S) RIGHT 4.5 METE(S) HIGHIn
4000-

3500- TITNAME:

Al 00- N DAY
E E- p E8

E 1  T 3060 METER

2500- T SCENARIO:

10 0 
.. "..

5000-

0-. ........

N 
.. . .. .

IQ

100

Figure 11-13. Missile Position vs. Range (Miss). ~~

b.22



a

p

44

"p

"p.

2'~

-I

* 'a

'S

a-...
"p

S. */

* *. . . .*--********.;*.... * ~
1 ~

y *%.X-.'.%"~".'~s.-~8"""' *-S*-.'V~ "X-. ~



*. .

-. SECTION III

SYSTEM DESIGN

A. ELECTRO-OPTICS SUBSYSTEM

The electro-optics subsystem is designed to support the following functions:

(1) Obtain data to measure the gunner aiming error.

(2) Simulate the day sight and insert smoke, TOW missile flare, impact
explosions and atmospheric phenomena.

(3) Simulate the night sight and insert launch motor blooming, TOW missile
flare and missile impact explosions.

A block diagram of the electro-optic subsystem is shown in Figure III-1.

In order to measure GAE with the required resolution on a target, a 508 mm
focal length ruggedized Questar telescope was used. The 100 x 100 photodiode
matrix camera has a square detector of 0.6 cm x 0.6 cm. The FOV of the system
is 11.8 mr. To simulate a target at 3,000 meters, a 1/285 scaled model is
used. The terrain board is located 34 ft. 6 in. from the trainee. At this
range the matrix detector views a square, 4.89 in. x 4.89 in. The resolution
across the 4.89 in. FOV is 0.0489 inches/pixel. In the real world, this is
equivalent to * 6.96 inches/pixel or * 3.48 inches per one-half pixel on a real
tank at a range of 3,000 meters.

The ruggedized Questar telescope lens is used to collect data for both the

matrix camera and gunner's sight picture display.

An infrared source is located slightly above the target. The 100 x 100
photodiode camera is boresighted to the optical sight and is used to measure the

GAE. The TV camera provides basic scenic video which, when mixed with computer-
generated graphics, yields the sight picture shown on the console TV screen.

When using the "day sight," the trainee looks through a real TOW sight. The
sight has been modified to insert generated graphics data from a miniature TV.
Smoke, explosions, and the TOW missile are inserted.

When using the "thermal sight" or "night sight," the trainee looks at the
terrain board in a darkened room. The terrain board is illuminated with both a
dim red base light (to provide background) and a sight-mounted red "spotlight."

The models are selectively painted with retro-reflective paint. Paint is
placed on only those areas of the target where the temperature is above ambient,
i.e., the road wheels, engine compartment, etc.1 A small collimated red light

1 Thermal signature patterns are modeled after those shown in Palmer, John E.,
*" John D'Agostino and T. Jack Lillie; Infrared Target Recognition Handbook (IRTH);

U.S. Army Night Vision and Electro-optics Laboratory, Ft. Belvoir, VA, 1982.
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source (the "spotlight") is located directly above the simulated night sight
telescope. The telescope has the same field of view as the operational
thermal sight. The beam size from the small light source just overfills the
simulated night sight FOV. The intensity of the light is dim enough that it
cannot be observed by the trainee unless he is observing reflected light
through the simulated night sight. When the gunner's sight is on the target,

' light from the light source is retro-reflected back from the target into the
telescope, making the target appear as if seen through a night sight. Strong
reflections occur from areas on the target painted with retro-reflective
paint. These areas are the hot areas so the gunner sees a simulated thermal
signature. Because the retro-reflected light is directional, only the person
looking through the sight simulator can see the retro-reflected light from the
target. The TV inserts both the missile flare and the simulated raster scan
lines seen in the real night sight.

B. MICROPROCESSOR SUBSYSTEM

The STAGS-TOW trainer relies on both general purpose 8-bit single-chip
microcomputers as well as 16-bit high speed single board computers containing
state-of-the-art floating point math coprocessors. The system is shown in
Figure 111-2.

Single chip microcomputers are used to relieve the Missile Flight
Simulator (MWS) Processor and the Personnel Interface Processor (PIP) from
time-consuming tasks. The Cybernetics CY512 and Intel 8741 microcomputers are
used as intelligent stepper motor controllers and a stepper motor
coordinator. A National Semiconductor single-chip computer is dedicated to
producing computer voice feedback and a Zilog Z-80 controls aspects of the
computer graphics.

The FS is the master processor for the STAGS-T system. This processor
commands and interrogates all the sub-processors. The MFS board uses an
Intel 86/12A microprocessor with an 8087 high speed math coprocessor. Upon

* completion of the flight calculations the fS delivers flight information as
well as gunner aiming information to the PIP. Target evasion control and
computer voice control timing are provided by the FS.

The PIP microcomputer is also an Intel SBC 86/12A single board computer.
Grey scale computer graphics for visual simulation of launch, missile, smoke,
haze and impact explosions originate from this processor. Instructor graphics
are generated and instructor keyboard inputs obtained through the PIP.

Model board control is accomplished via a chain of command starting with
* the instructor's keyboard request for a particular scenario. The selection is
0 routed from the PIP to the Intel 8741 stepper motor coordinator. The stepper F4

motor coordinator then routes the scenario sequence to the appropriate stepper
motor controller. Positional information is routed back to the WFS via the
stepper motor coordinator when it receives a request.

TOW flight simulation is provided using point mass missile dynamics
restricted to the dominant roots of the system characteristic equation. The £
damping and natural frequency coefficients conform to values presented in the
TOW Weapons System Characteristics Document (T-24) (Rev. A.), Hughes Aircraft,
13 Nov 1981. Missile motion is referred to the gunner-target line which is a
moving axis unless the target is stationary.
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The second order system response characteristic of the dominant roots

* implies a "Type 1" closed loop control system. Such systems provide accurate
steady-state response for a stationary target but develop errors for moving
targets. The simulation effectively removes such errors by adding an offset
to the line-of-sight, the offset being determined by the angular velocity of
the line-of-sight.

The flight equations are discussed in detail in Appendix A.

The WS software is divided into seven modules. The individual modules
are described below. For program module listings, see the AppendiLes.

Main TOW Module

The Main TOW Module is the central module of the Missile Flight Simulator
(MFS). Upon reset, it begins the simulation by invoking the procedure PROLOG
in the TOW SPEECH MODULE. This causes Digitalker (computer voice subsystem)

:* to issue several commands, including the fire command. The module then waits
for a trigger pull. If the gunner has not fired in two seconds, the fire
command is repeated. If the gunner does not fire within three additional

* seconds, the simulation is aborted. Upon a trigger pull, launch sounds are
generated and the simulation variables are initialized. The module then
enters the main loop, successively invoking YZCNTR, FLIGHT, and DODGE until
the FLIGHT procedure sets the FINISHED flag. YZCNTR obtains the gunner aiming
error (GAE) in half pixels. The FLIGHT procedure in the TOW FLIGHT MODULE
then uses the GAE to simulate the next forty milliseconds of the flight. The
DODGE procedure in the MAIN TOW MODULE then checks for the possibility of
target evasion. If evasion is enabled, this procedure sends a program to the
target motor controller with random steps, rate, and direction. The
conditions for evasion are outlined in the DODGE procedure listing.

When the simulation is finished, several buffers are filled with comments
that the PIP reads and displays on the instructor's monitor. If the missile
flew past the target, the miss distances at the plane of the target are
converted to ASCII and placed in the H-MIS-ASCII and V-MIS-ASCII buffers. If
the missile fell short, the distance from the target is converted to ASCII and
placed in the X-MIS-ASCII buffer. If the missile hit the hill, or left the
field of view, the appropriate special comment is placed in the X-MIS-ASCII
buffer as described in the module listing. After the comments have been
generated, the module invokes the EPILOG procedure in the TOW SPEECH MODULE.
The procedure executes verbal debriefing. Finally, the module enters an
infinite loop waiting for a reprise request from the instructor.

TOW Flight Module

This module consists of three procedures. INITIATE-VAR initializes
variables used by several of the modules. The FLIGHT procedure performs the
actual flight simulation. It first converts the GAE obtained from YZCNTR to
radians, then it invokes ACTIVE-TRACK in the TOW TARGET MODULE to determine
the number of the target track. The TARGET-DATA procedure in the TOW TARGET
MODULE is then called. This procedure updates HTARG and several variables
used by other procedures in the target module. FLIGHT then checks for sensed
excessive gunner control movement within 3 seconds of launch -- which

4. symptomizes loss of control. If the "excessive movement" condition exists,
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the FINISHED flag is set and a ground explosion sound is generated. FLIGHT
" then determines if the missile is within eight feet of the target. If it is,
• CURRENT-TRACK, which encodes the target track number, is used to invoke the

* - appropriate TRACK procedure in the target module. These procedures ascertain
whether the missile hit or missed the target as described below in the TOW
TARGET MODULE. Once the missile is within eight feet of the target, the
FINISHED flag is set, and a ground explosion sound is generated if the missile
flew past the target. The FLIGHT procedure then updates the values of the
missile parameters. These values are then used to calculate the new values
for OFF-H and Z. FLIGHT then invokes the GROUNDED procedure in the TOW TARGET~~MODULE..-

The GROUNDED procedure checks for missile ground impact. FLIGHT then
examines the GAE to determine whether the missile left the field of view.
FINISHED is set in this case. Finally, the missile data sample used by the
H-REPRISE procedure is updated. H-REPRISE sends Z and OFF-H samples from the
flight to the PIP which displays this data on the instructor's monitor.

- This module incorporates code which allows the target to be located on any
track in any position at the time of missile impact. Further, it permits
target switching during the simulation. Because only one motor count can
currently be maintained by the SW (Stepper Motor Coordinator), these features
are not presently required and have been disabled as outlined below.

The target module consists of six major procedures. Because target
switching is not currently used, ACTIVE TRACK sets the FLIGHT procedure
variable CURRENT TRACK to STARTING TRACK, since TARGET SWITCH is initialized
to zero by INITIATE-VAR. STARTING TRACK is filled by the PIP when the

- * instructor selects the scenario. TARGET DATA updates HTARG, and calculates
the value of ALPHA, the rotation of the target on track 3 in radians. Because
the count for motor 5 is not presently available, INITIATE-VAR sets ACNT, the
counter for motor 5, to zero, unless scenario 9 is selected, in which case it
is set to 90 degrees. Because the count for motor 4 is not currently
available, INITIATE-VAR sets DCNT, the linear actuator count, to 550.
Consequently, DEPRESSION DEPTH is always zero and the GAEZ and the vertical
tank dimensions are not modified. If the target is on track 2, the slope of
the hill and its height at the target position are obtained for use by the
TRACK 2 procedure when the missile is within eight feet of the target.

-. Finally, TARGET Z is calculated for use by the GROUNDED procedure. The UPDATE
COUNTS procedure is used to acquire the target count. It is capable of
obtaining any one of the five motor counts. However, this code is not
currently used, since the SMC maintains only one count.

The GROUNDED procedure simply determines whether the missile hit the
ground. The TRACK 1, TRACK 2, and TRACK 3 procedures determine whether the
missile hits or misses the target on the respective track.
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TOW Speech Modul e

This module consists of two major procedures, PROLOG and EPILOG. PROLOG
waits until the scenario is selected, then it uses STARTING TRACK to turn on
the target IR light. If the instructor selects the day sight, it causes
Digitalker to say "Use Day Sight," otherwise it says "Use ight Sight."
PROLOG then waits until the motors start before issuing "Alert.' Tank." The
direction is obtained from the EAST WEST flag set by the PIP. After saying
either "East" or "West," it causes Digitalker to say "3,000 Meters," pause one
second, and "At My Command." PROLOG then waits for a fire signal from the
target motor controller. Upon receipt of the fire signal it causes Digitalker
to say "Fire."

EPILOG causes Digitalker to say "Cease Tracking" followed by a one second
delay. if the missile hit the target, it says "Hit." Otherwise, it uses the
ASCII miss distances in H-MIS-ASCII and V-MIS-ASCII to derive the code
required by Digitalker to say the miss distances. If the missile fell short,
the X-MIS-ASCII buffer is used for the same purpose, unless a special miss
commnent is in the buffer, in which case Digitalker says nothing.

Tow Utility

This module contains four procedures, MISS CO!VE NT is used by the M4AIN TOW
MODULE to convert miss distances from real format to ASCII format. MISS
COrtE NT in turn uses the HX2AS procedure which converts an integer to ASCII
format. The SOUND procedure used by several modules uses the WNT KIND
parameter to place signals to the sound system on the parallel connector. The

* PPI SET procedure simply sets up the 8255 on the MWS 86/12 board.

TOW XF and TOW IR

TOW XF transfers line-by-line data provided by the photo-detector line
array processor into a complete picture array. TOW IR analyzes the IR-spot
data array provided by TOW XF to compute the horizontal and vertical gunner
aiming error including auto-boresight. These are the only assembly language
modules and were originally written for DRAGON.

C. COMPUTER GRAPHICS AND VIDEO SUBSYSTEMS

Computer generated real-time graphics are controlled by the Personnel
* .Interface Processor. A computer graphics board, EIA sync generator and

phase-locked-loop synchronization circuit coordinate the various raster scan
CCTV monitors. Figure 111-3 shows the complete graphics and video subsystem.

A mini-monitor is used to insert real-time video graphics for the gunner
optical sight while a second mini-monitor is used in conjunction with the
thermal sight to produce thermal video effects. These graphic effects include
launch obscuration, haze, rocket motor burn, missile flare and impact
explosion.
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Real-time graphics are also generated for the instructor console.
Vertical and horizontal gunner aiming error vs. distance, in 100 micro-radian
units, is displayed. For follow-up analysis, graphics are presented showing
missile position relative to an imaginary target line between the gunner and
his target.

Real-time video graphics are generated by the Personnel Interface
Processor (PIP). The PIP receives gunner aiming error information from the
missile flight simulator processor (MFS) as well as missile angle from the
line of sight of the gunner to the missile position. The gunner aiming error
is used to position the final explosion (hit or miss) in the TOW sights.

Smoke and haze are simulated in the TOW optical sight and blooming in the
thermal sight by modulating the background level, i.e., overall grey scale
setting of the entire graphic video insertion in the gunner sight.

The final explosion of the missile and/or tank is simulated at the end of
the TOW flight and inserted, via the RGB-256 graphics board, into the gunner
sight. The explosion is a series of geometric star shapes indicating either a
hit or miss. The PIP uses the missile-to-aim-point information to position
the explosion wherever the missile was as it impacted the target or ground. A
ground explosion is similar to a target explosion, however, it differs by only
exploding in an upward sense. Thus, the TOW gunner has visual feedback
through his sights indicating hit and miss. The computer generated graphics
are passed directly to the gunner's sights through Hitachi VM154A,
one-and-a-quarter-inch, closed circuit television (CCTV) monitors.

The TOW computer graphic visual presentation is prepared by the PIP. In
addition to this processor a computer graphics board, a phase-locked-loop sync
board, and an EIA composite sync generator are used.

Computer generated graphics provide three major functions:

a. Real-time video graphics are generated for the gunner day sight.
These graphics include a simulated missile, marker flare, smoke, and a final
expl osion.

b. Real-time video graphics are generated for the gunner night sight.
These graphics include a simulated missile, marker flare, image flare due to

- '~hot gasses, and final explosion.
c. Real-time graphics generated for the instructor indicate both

vertical and horizontal gunner aiming error. Also, for follow-up analysis,

graphics may be presented for gunner aiming error vs. distance and missile
O position vs. distance.

Gunner's sight real-time computer graphics are generated on a Matrox model
RGB-256 (256 x 256 x 4) graphics board. The Matrox graphics board produces
256 pixels horizontally by 256 pixels vertically by sixteen levels of grey
scale. The sixteen levels of grey scale provide for a range of visual

O, intensity which allows for smoke generation which varies from fully
transparent to completely opaque in sixteen discreet levels. The Matrox
RGB-256 is a graphics imaging system in which a complete grey scale capability
has been integrated onto a single printed circuit board. The card includes
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0
built-in NTSC (American) and PAL (European) grey scale encoders which can
provide up to sixteen shades of grey. The encoders permit the RGB-256 to

-- directly drive standard low cost black and white TV monitors on a single
75 ohm cable. It features the industry-standard Intel Multibus which makes it
directly bus-compatible with all Intel single-board computers.

Real-time video graphics are generated by the PIP. The PIP receives
gunner aiming error information from the MFS as well as missile angle from the
line of sight of the gunner to the missile position. The gunner aiming error
is used to position the final explosion (hit or miss) in the TOW sight.

Gunner Graphics

TOW sight graphic missile simulation is accomplished by deriving the
missile position. Second, the size of the missile flare is determined by the
elapsed time since the missile launch. Third, the flare brilliance is
determined by the elapsed time since launch.

The flare size shrinks from 10 pixels down to 1 pixel from launch to
maximum range. The brilliance decays from a level of ten (with fifteen being
most brilliant) to a level of zero at maximum range.

An cctagon was selected as the simulated missile shape as this can be
quickly calculated for real-time graphics. This shape appears mostly as a
circular area to the TOW gunner.

Smoke and haze are simulated in the TOW sight by modulating the overall
grey scale setting of the entire graphic video insertion in the gunner sight.
It is possible to tell the graphics board to "erase" to any given grey scale
level between zero and fifteen, with zero being black (transparent in the
gunner's sight) and fifteen being white (opaque in the gunner's sight). The
levels of background are modulated with time to effect a smoke and/or haze
simulation. A typical smoke simulation might consist of starting from level
zero rising to level fifteen, dropping to level eight, back up to fifteen,
down to four, up to eight and down to zero during a period of one to two
seconds.

The final explosion of the missile and/or tank is simulated at the end of
the TOW flight and inserted, via the graphics board, into the shapes
indicating either a hit or miss. The PIP uses the missile-to-aim-point data
to superimpose the explosion at thi: last calculated missile position. A
ground explosion differs from a target explosion by exploding only in an
upward sense and for only half the duration of a target explosion. This

*. . difference provides the TOW gunner with visual feedback through his sight
indicating hit or miss. The computer generated graphics are passed directly
to the gunner's sight through an Hitachi VM154A one-and-a-quarter-inch closed
circuit television (CCTV) monitor. The optical arrangement is shown in

O Figure Ill-1. The television screen appears at infinity along with the viewed
scene through the day or thermal sight. One CCTV camera is mounted inside the
TOW day sight and another in the thennal sight. Video support electronics are
located as near as possible to the cathode ray tube for maximum high frequency
response.

32



L

Instructor's Console Graphics

The instructor console graphics subsystem is composed of two units, (1) a
video replica of the gunner sight picture and (2) a graphic plot of gunner
aiming error vs. distance or missile position vs. distance.

The representation of the gunner's sight is accomplished by mixing the
output of the gunner sight TV camera with the video graphics presented to the
gunner's sight. This composite picture thus presents to the instructor an
image of the gunner's view. In addition, the flight time of the simulated
missile and the current date are notated at the bottom of the screen.

Scenic coverage of the model board is by a closed circuit television
(CCTV) camera mounted outboard on the day sight housing. This camera is
boresighted to the gunner's day and thermal sights. The camera used is an RrA

* TC-2021/N with a NUVICON camera tube. The CCTV video is combined with that of
the Matrox RGB-256 graphic generator. The combination of CCTV video and
computer graphics is then a representative visual image of the gunner sight
picture except for the crosshairs. Crosshairs are added, to complete the
instructor sight picture display, by passing the video presentation through a
Colorado Video Model 260 electronic crosshair generator.

The graphical plots of the gunner aiming error (GAE) vs. distance, in 100
micre-radian units, for both azimuth and elevation error are presented in
real-time during missile flight. The graphs show the actual gunner aiming
errors as well as any loss of guidance during the flight. The trainee name,
scenario number, range of target, and type of sight used for the scenario are
notated on the margin for record keeping.

For a miss, the displayed results show the deviation from target in meters
and tenths of meters where the missile passed the target plane. If the
missile struck the ground before passing the target, a message is displayed
stating "GROUND IMPACT" as well as the distance remaining to the target. If
the target is hit, then either "HIT KILL" or "HIT DISABLE" is displayed. A
"HIT KILL" is proclaimed if the missile has been calculated to have impacted
within the center third of the target, likewise, "HIT DISABLE" is proclaimed
if the missile impacteC the target outside the center third of the target.
(See Figures 11-2 through 11-5.)

After the missile impact a reprise of the flight may be called. The
missile position vs. range in both azimuth and elevation is replayed on a
real-time basis. This display as well as the gunner-aiming-error display may
be printed out on a hard copy printer in less than twenty seconds time.
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D. COMPUTER VOICE SYSTEM

*.. Human-like speech firing commands are given the trainee by a speech
processor. The computer-generated voice can also coach the student when
selected, i.e., "high," "low," "right" and "left." The computer-generated
voice unit also tells the trainee where the missile impacted and when the
mission is completed. The computer-generated voice serves to coordinate the
training session by issuing the firing commands at a specific point in the
scenario, thus relieving the instructor of this task.

-' . Firing commands consist of the following:

[Squad]
[Tanks]
[North]
[South]

-' - [East]
[West]
[3,000]
[Meters]
[At my command...Fire]
[Cease tracking]

Debrief commands consist of:

[Hi t]
[Miss]
[Hi gh]
[Low]
[Ri ght]
[Left]

followed by distance in meters, i.e., [Miss - High - Ten Meters].

The computer voice is generated using a board containing a National
Semiconductor "Digitalker" Speech Chip and Speech ROMS. The board also
contains an Intel 8741 Programmable Peripheral Interface chip, random logic
for address decoding, and analog components to filter the output of the
"Digitalker." This system produces a natural sounding voice under the control
of the Missile Flight Simulator (MFS) board.

" Refer to the block diagram in Figure 111-4 for the discussion in this
- section. The circuit schematic is shown in Figure 111-5 through 111-8.

" The 8741 Programmable Peripheral Interface connects the National
Semiconductor "Digitalker" to the Intel "Multibus" which this system uses for
inter-board communication. The 8741 performs two functions. First, on

r. power-up or system reset, it performs a routine which set up the speech chip
- in the proper configuration. Secondly, the 8741 translates between "Multibus"

* ."and "Digitalker" bus signals.
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The speech chip accepts data from the 8741 and processes it to produce an
analog signal representing the desired word or phrase. The data are actually
the beginning addresses of code for the desired words or phrases in the speech
ROMS. When the speech processor receives a proper beginning address, it reads
the data and converts the digital coding into an analog output. This output
is the desired word or phrase plus a large number of high frequency
harmonics. These harmonics must be filtered out in order to produce

-. . intelligible speech. That is the purpose of the analog filter on the board.
' "The output of this filter can be amplified or used to drive a small speaker

directly.

A UA723 quad op-amp chip with appropriate resistors and capacitors is used
to implement a band-pass filter with the frequency response recommended in
Figure 5 of National Semiconductor Application Note 252 (by Jim Smith and Dave
Weinrich, December 1980).

Provision has been made to install a Burr-Brown PGA100AG
Digitally-Controlled Programmable Gain/Multiplexed Input Operational Amplifier
chip in the circuit between the filter and the speaker. This makes it
possible to add software gain control of the speech by installing the chip on
the board.

In order to use the computer voice boards, it must be plugged into the
"Multibus." The address for data is ODOOOH and the address for the 8741
status register is ODOO2H. Before data are sent to the computer voice board,
the controlling processor must first check to see if the 8741 is ready to
receive data. This is done by reading the status register and checking the
second bit (bit 1). If the bit is a logical one then the computer voice board
is busy and the controlling processor (MFS board) must wait until it is not
busy. The "Multibus" inverts all data and address information. The address
decoding logic of the Computer Voice board re-Inverts the address. Therefore,
the address should be send "true." All data, however, must be sent inverted
or inverted upon reception.

Once the controlling processor has determined that the computer voice
board is ready to receive data, it writes a byte of data to the data address.

-.. The busy flag must be checked before each byte is sent.

For each word or phrase that is to be spoken, the computer voice board
must receive three bytes of data. The first should be the page of memory
where the data are located. The second is the address of the data within the
page. The third is the volume desired. Since the volume control chip has not
been installed, this byte has no effect on the speech. The byte must be sent,
however, because the software in the 8741 expects to receive volume control
information and the board will not function without it. The volume control

_ byte may have any value; however, to be safe should the volume control chip
ever be installed, this byte should be zero. This makes the software fully
compatible with the volume control chip, whether or not it is present on the
board.
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wor-The computer voice board will remain busy until it has completed saying a

word or phrase unless it is reset by the system reset. Since this is in the
millisecond range, it may cause problems for the controlling processor unless
this is taken into account when software is written.

A flowchart of this software is provided in Figures 111-9 through Ill-11.
A source code listing is included in the Appendix of this report. The first
section of code initializes the computer voice board. The gain control word
is set to zero to produce unity gain. The 8741 contains a short routine which
causes the speech chip to initialize itself. This is necessary because the
speech chip has no hardware reset pin. It is therefore necessary to send a
set of commands which cause the speech chip to cycle through its built-in

-'. routine and stop at the beginning of the routine.

. After the initialization has been completed, the 8741 enables its data-bus
interrupt and enters a software halt loop. The status register will now show
that the 8741 is ready to receive data. Reception of the first data byte,
which should be a page number, causes the 8741 to enter a loop which inputs
the page number, the word address, and the volume control byte and stores them
in its internal RAM. Once all three control bytes have been received, the
8741 proceeds to output the proper control signals to latch this information
into speech ROM address decode logic, the speech chip, and the volume control
chip. When this process is complete the 8741 reenters the halt loop. The
purpose of receiving all three bytes before outputting anything is to minimize
the time that the controlling processor must remain tied up sending the data.

A description of the controlling processor is contained in the TOW Speech
Module. The controlling processor and its operating format are described inTOW Speech Module (Sec. III C, above).

The speech data in the speech ROMS are encoded to reduce the amount of

... storage space needed. This is done in a number of steps. First the waveform
is phase-angle adjusted to produce mirror symmetry. Second, the low-level
portions of the waveform are replaced with zeros. Delta modulation is used to
encode the remaining waveform. As a result, only one fourth of the original
waveform actually must be encoded. These data, along with information on
periods of silence (zeroed section of the waveform) and mirroring are all that
need be stored. The speech chip uses this stored information to reproduce an
approximation of the original waveform that is close enough to the original
that, with the proper filter, amplifier, and speaker, the original speaker can
be recognized. For further information refer to National Semiconductor AN-252.

The computer voice board is used for three basic purposes which will be
described in the following paragraphs. These are: (1) coaching the trainee
during a missile simulation, (2) debriefing the trainee at the end of a

simulation, and (3) assisting the squad leader by generating the repetitive
commands specified by the TOW manuals.0

Coaching is an optional function that uses words such as "low," "high,"
"left," "right," etc., to correct the trainee's aim. Coaching is selected by
typing a control-C character (i.e., by holding down the key marked "CNTL" on
the keyboard and pressing the letter "C"). A control-N will disable the
coaching.
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. At the end of a simulated missile flight, the system will announce "hit"
F or "miss" according to the student's performance. Further, if a miss

occurred, the direction and distance of the miss will be announced.

The TOW manuals recommend a number of repetitive commands, such as "squad,
tank, east, 3,000 meters," and "fire," which the system issues by using the
computer voice board. These commands are used during each missile flight
simulation as appropriate to the selected scenario.

The computer voice provides coaching, debriefing and the issuance ofrepetitive commands. Voice recognition offers the possibility for future

system enhancement by allowing personnel to communicate verbally with the
system controls.

E. COMPUTER GENERATED SOUND SYSTEM

* Simulation of sounds produced during an actual TOW missile firing is
accomplished by interfacing a pair of Intel 8748 microcomputers to three
General Instruments AY-3-8910 programmable sound generators. These
microcomputers are referred to as the TOW SOUND CONTROLLER (TSC) and the

-* RETURN FIRE CONTROLLER (RFC) in Figure 111-12. Also shown on the block
diagram are the three programmable sound generators, PSG-A, PSG-B and PSG-C.
Figure 111-13 is a detailed schematic of the interconnections between these
devices.

- Data necessary for the PSGs to produce sound are stored in the permanent
- memory of the TSC and the RFC. During missile flight time, the MFS processor

simply selects the sound to be made and communicates its choice over the 4-bit
bus designated in Figure 111-13 by lines INTERRUPT, DATA1, DATAO, and RETURN
FIRE. This approach allows the MFS processor to handle sound-making decisions
with minimum time taken from its primary functions. The table below describes
the choice of sounds available to the MFS processor and the corresponding
4-bit bus value:

INTERRUPT / DATA / DATAO / RETURN FIRE

(1) Gyro wind-up, 0 1 1 1
Launch explosion, and
Rocket motor burn

(2) Target hit explosions 0 1 0 1 S

(3) Ground impact 0 0 1 1
explosion

(4) Return fire sounds 1 X X 0

- Microcomputer RFC is dedicated to producing return fire sounds only.
PSG-C is connected directly to the RFC and is dedicated to it. If the 4-bit
word shown in (4) appears on the bus (DATA1 and DATAO are "don't cares"), then
a sound simulating an incoming round is produced. It is recommended that
either an 8749- or an 8751-based sound system be implemented in future

* prototypes in order to provide a broader range of sounds within a single chip.

44

-..7t..',



7..

CONTROLLERROKTM 
O

SOUNDSAUDIO

FROM MISSILE PROGRAMMABLEAM
*FLIGHT 5IMULAT O o SUDr,

* PROCESSOR GENERATORS I

TARGET HIT EXPLOSIONS MIXER I

BOR
SPERE

Figure~~~GRUN IMPA2T CmueEnerteLSondSysem

q _ __

FigURe FIRE Cmue Gnrtd on chmtc

COTOL 45

so~~ ~ ~ ~ ~ ~ MCCRTUNFRESUEN A
STATION. * .

A.' A A A~.,A. . *ASPEAKER

*~TRRI T,. . *A .



0J
- -"

The MFS processor detects trigger pull and signals the TSC with the 4-bit
word shown as (1) in the table above. No more than 15 microseconds are
required by the TSC to capture the values of DATA and DATAO on port 1. The
TSC decodes this word to mean trigger pull and initiates a sequence which
automatically produces a 1.5 second gyro wind-up sound, followed by a launch
explosion, followed by a 0.5 second rocket motor burn, and ending with a sound
which simulates the missile fading into the distance. Likewise, if the TSC
decodes the word as shown in (2) then a series of 3 explosions, increasing in
amplitude, are produced through PSG-B. A single ground impact explosion is
produced through PSG-B when the word in (3) is decoded. Complete software
listings for the TSC and the RFC are shown in Appendix D.

The General Instruments programmable sound generator is a 40-pin, 8-bit
device with microprocessor compatibility. The device features three
independent analog channels, each with access to its own tone generator. A
16-control register array comunicates to the microcomputer through -n 8-bit
bi-directional port. Four lines are alloted for bus control logic (read,
write, and chip select). Each tone generator looks to two registers within
the array for a 12-bit tone period. A range of frequencies covering the full
eight octaves of the equal-tempered chromatic scale is available.

Pseudo-random noise may be mixed to any or all channels from a noise
generator with basic frequencies of 4 Khz to 125 Khz. Two modes of output
control are available for each channel: fixed and variable amplitude. The
fixed level amplitude mode selects an amplitude specified in the array by the
microcomputer. For use in this system the variable amplitude mode is
selected, forcing an envelope generator to control the shape and cycle of all
outputs. Controlling tne envelope generator is a 16-bit tone period within
the array allowing for frequency ranges of 12 Hz to 8 Khz and a 5-bit
shape/cycle control register. Three D/A converters supply 0 to I volt signals
to the output channel s.

F. MINIATURE TARGET BOARD

The STAGS-TOW lab model sight optics yield magnifications and
fields-of-view replicating those of the operational sights of approximately
3000 m. This scale range was chosen so as to take advantage of ready
availability of 1:285 scale models. These models are commonly used in
war-gaming and come in all NATO and WARSAW PACT vehicles.

*. These low cost models are manufactured by "Micro Armor" and have excellent
detail. The models are modified so that they ride securely along the track

* and are easily interchangeable.

In order to provide a variety of scenarios with which a trainee can engage
a target, three tracks with unique characteristics have been mounted inside
the terrain board. Targets on all three tracks run perpendicular to the

;- trainee's line of sight and can move either left-to-right, or right-to-left.

The chain mechanisms which carry the targets along the tracks are driven by
Superior Electric "Slo-Syn" synchonous/stepping motors with 200 steps per
revolution. The frontmost track (Track I) has the added capability of
vertical movement of the target. An Airpax linear actuator is mounted with
the chain mechanism and raises or lowers the target to simulate moving over
rough terrain, or driving into (out of) a ravine. The center target (Track 2)

'-.°. moves over hilly te rain and developes the trainee's skill at combined
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" elevation-and-azimuth control of the missile. The rearmost target (Track 3)

moves in and out of cover provided by the hills of Track 2. This target can
l rotate about its axis while moving laterally which, through the sight, appears

as a frontal or oblique target. Rotation is imparted through a North American
Phillips stepping motor (7.5 degrees per step) mounted with the chain
mechanism. All motors are driven from similar Darlington drive circuits,
shown in Figure 111-14. These drive circuits reside inside the terrain
board. Four Darlington pairs exist for each phase of a stepper motor.

All targets move across 40-inch tracks. The stepper motors traverse this
distance in 5,240 steps, which equates to a positional accuracy of .0076
inches at any point along the track. By using the 1/285 scale models, the
position of a tank at a range of 3,000 meters in the real world is known to
within 2.18 scale inches.

Each track has an infrared light source which moves with the target. The
light is provided by an incandescent lamp filtered by an 87C Kodak Wratten
Gelatin filter. A light pipe is used as a conduit and is bent to project the
light toward the student station. The lamps operate independently and are
controlled by the FS processor. Scenarios av, written in a manner which
provides a single light source throughout the r ssile flight. In this way,
multiple targets can be presented to the trainee so long as only one target is
present when the missile reaches the target plane. This concept also provides
for a transfer of targets during the first seconds of flight time. The driver
circuit for the lamps is mounted inside the terrain board; the schematic is
presented in Figure 111-15.

A model-control board resides within the instructor's console. Five
intelligent stepper motor controllers are mounted on this board, each
dedicated to one of the five stepper motors driving the targets.
Figure 111-16 is a block diagram of the model-control board and Figure 111-17
is a detailed schematic.

The controllers utilized are Cybernetic Microsystems CY512. The CY512
controller is a standard five-volt, 40-pin LSI device configured to control a
4-phase stepper motor. The CY512 interfaces to a microcomputer through a
bi-directional 8-bit port. High level commands sent to the CY512 are stored
in an internal program buffer. The CY512 then acts as a stand-alone device
controlling the stepper motor in accordance with the program in the buffer.

Scenarios are selected at the instructor's console. These scenarios are a
sequence of high level commands stored in the PIP. When the instructor
initiates the scenario, the PIP passes these commands to the Stepper Motor
Coordinator (MC). This device is an Intel 8741 Universal Peripheral Interface

- which resides on the model-control board (see Figure 111-17). The MC decodes
the data from the PIP and routes the high level commands to the proper Stepper
Motor Controller (SMC-1 through SW -5 in Figure 111-17). Two input/output

•, (I/0) expanders (Intel 8243s), shown as TOE-A and TOE-B on Figure 111-17,
provide the C with the I/0 necessary to monitor and control the flow of data
to all five SMCs.
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* The WS processor requires the position of the target be known at all
* . times throughout the missile flight. Although scenarios may call for movement

of two or more tanks, only one of them can be a hit-eligible target, for
threat-vulnerability and target-transfer training considerations. The MC is
instructed as to which track the target resides upon. By monitoring the PULSE
lines of SWC-1, SMC-2, and SM-3, the MC is able to keep an ongoing count of
the target position and pass this count to the WS on command.

SMC-1, -2, and -3 signal the MFS processor when to issue the vocal command
"Fire." The scenario loaded intp the controller instructs the controller as
to the point in time when to strobe the programmable output pin shown as FIRE
in Figure 111-14. This signal travels directly from the model control board
to the MFS processor.

A complete listing of the software contained within the MC appears in

Appendix E.

G. TOW STATISTICAL PACKAGE

The TOW Statistical Package adds computational programs to supply GAE data
in terms of cumulative mean and standard deviation statistics compiled from
periodic sampling of the data shown in the GAE graphic displays.

Aiming errors in both elevation and azimuth are shown in Figure 111-18.
Figures 111-19, 111-20 and 111-21 show the output of the STAGS-T Statistical
Package for the complete flight and for a partitioning of the flight into time
intervals of [0,4] and [4,14] seconds.

The TOW Statistical Package was added to STAGS-T in response to a request
from the U.S. Army Human Engineering Laboratory dated 20 January 1983.

STAGS-T program additions to provide the statistical capability are
detailed in Appendix G.
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Figure II1-18. Gunner Aiming Error in Elevation and Azimuth.
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Figure 111-19. Statistics for Complete Flight.
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STAGS/T STATISTIC",AL PACKAGE
(MEAN AND STANDARD DEVIATION IN HICRORADIANS)

ENTER START TINME% 0

* ENTER END TINE ;4

ELEVATION AZIMUTH

MEAN : 236 MEAN : 354

STANDARD STANDARD
DEVIATION: 0 DEVIATION! 0

*DIRECTION: UP DIRECTION: LEFT

Figure 111-20. Interval [0,4] Statistics.
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Figure 111-21. Interval [4,141 Statistics.
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SECTION IV

CONCLUSIONS

This system has undergone preliminary evaluation by both U.S. Marine Corps
and U.S. Amy experienced TOW gunners. All gunners were favorably impressed
with its realism and teaching attributes. The U.S. Army Infantry School has
proposed Training Effectiveness Evaluation in 2FY84.

STAGS research models have been designed for both DRAGON and TOW.

The STAGS-DRAGON is currently under contract for Frgineering Development
models; STAGS-TOW is about to enter the same status.

Investigation is underway to seek out other weapon-systems for which
exploitation of the STAGS technology could fulfill training needs now not
adequately addressed.
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APPENDIX A

TOW FLIGHT SIMULATION EOIATIONS
[-'I

This appendix describes the mathematical model of TOW flight dynamics as
implemented in STAGS-TOW.

The initial model was based on constant values for system damping and
• -natural frequency as well as constant missile velocity. The final model is

similar except for the inclusion of variable damping, natural frequency, and
down-range velocity. These system characteristics are treated as

* quasi-stationary in the incremental solution to the flight equations.

Design considerations for the TOW missile components as well as the
overall system, which is of primary importance for STAGS-T, are detailed in
the TOW 2 Weapon System, Systems Characteristic Document (T-24) Revision
A.1 As stated on pages 3-58 and 3-63 of the Systems Characteristic Document

" (T-24), "The primary closed loop system response is characterized by a pair of
' underdamped poles." A design goal was a damping ratio between 0.4 to 0.5.

The closed loop natural frequency ranges from 8 to 2 radians per second. The
- Laplace transformed system function for horizontal motion is therefore

() (S) 2
"" ~~Yc (S) S2--_ 2w +O t 02 ::

where s = Independent Laplace variable

Y = Horizontal distance of the missile from the initial launch line

Yc = Commanded Y distance

4 = Damping constant
wo Undamped natural frequency, radians per second.

An identical expression holds for vertical, Z, displacements although the

damping ratios and natural frequency parameters are slightly different.

The command displacement in the Y direction is influenced by:

(a) Target motion
(b) Gunner aiming error
(c) Compensation for missile horizontal acceleration as discussed

later.
ID

Vertical or Z displacement commands are similar except that possible
evasive maneuvers are very limited with the result that the differential .
equation for this direction is somewhat simpler.

1. TOW 2 Weapon System, Systems Characteristic Document (T-24) Revision A,
' Contract: OAAHOI-79-C-1360, 13 November 1981.
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Ideally, the gunner aiming error will be zero and the missile should fly
along the target line from launch to target impact. Thus, for this ideal
situation

(2) Yc (t) =a (t) x (t)

where t = Time

x = Downrange distance

Yc = Commanded horizontal distance of missile from the launch line

a Horizontal angular position of target relative to launch line.

Errors and Compensation

Yc a , and x are functions of time; generally unspecified, but two
special cases yield considerable insight into system behavior. Both special
cases are characterized by constant downrange missile velocity,Vx, thus

•I::::(3) x (t)=Vx• t.-

Case I is further limited so that a(t) = ao , a constant.

Case 2 is restricted to constant target velocity W0 T in radians per %
second. Thus a (t) =(Tt

- . For Case 1:

"'-"(4) Ycl (t) = aoVxt  ,

and for Case 2:

(5) YC2 (t) WT VXt 2

When considered as a classical closed-loop control system, Case I
represents a ramp or constant velocity input for 0 < t while Case 2 represents
a parabolic or constant acceleration input for 0 < t.
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All systems which can be described by equation (1) are said to be "Type I
systems." Such systems respond to ramp and parabolic inputs in well-defined
ways once initial transients have died-out and steady-state conditions are
attained. Defining error,ie

(6) (t) Yc (t)Y

and

"i"" ( ) (t) dF(t)
(7) Fd

Table I may be shown to apply during steady-state for the two cases of
interest.

Table I. Errors Caused by Specified Inputs.

CASE I CASE 2

constant velocity constant acc

vel = aVx ac = 2 (1) T Vx
0 < t 0 < t

::->-:2 (O
' steady-state (c0

E steady-state (X} O)2-

;.

From Table I:

(a) A steady state miss error occurs when the target is stationary at an
offset angle, a. , from the launch line.
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(b) A uniform target cross range velocity, VTARG , causes a uniform
target angular velocity, WOT :'- VTARG/XTARG This results in
an unbounded error as time becomes infinite but the error has a
finite rate of increase as given by the right hand bottom entry in
Table I.

(8) e steady-state W 2- XTARG)]

An error compensation for Case 2 can be made by adding a compensating lead
term to the command input such that

: (9) ycomp = = -- M~ (m(j

defining

".-(10) A X46
-I)

and assuming constant Vx , so that

(11) xVxt

the compensation term becomes

(12) YcoMP =Kx (VTARG /XTARG)

- K as defined in equation (10) is based on steady-state conditions. A
first-order correction to K which accounts for a finite missile fliqht time
may be shown to be

K (13) K t - 4 2)/2aW
K t-K/2
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This is plotted on Figure A-1. For a typical flight time of 11 seconds, the
correction to K = 1.03 or 3 percent.

Including the correction from (13) in (9) and (3)

(VTARG
(14) YCOMP KXWT --Kx 'XTARG

With the actual TOW system the target velocity may be inferred by the
sight azimuth sweep rate, i.e., it may be considered that

(15) W0 SIGHT -(T

'WSIGHT provides a signal which is proportional to the target cross-track

horizontal velocity provided no gunner aiming error is present. Even with
some gunner aiming error it might be assumed that error averages to zero and,
therefore, may be neglected. In STAGS-T target position and gunner aiming
error are measured. Letting p represent gunner aiming error

.'. ~da W SIGHT ; '
(16) WSIGHT = + dt

Thus in simulating the TOW system with (I)SIGHT representing (!)TARGET we have
from equation (14)

d
(17) YCOMP =K x +

YCOMPdt

- - The commanded y(t) , therefore, is

(18) y(,(t) = a(t) X(t) Pft) x(t) + Kx(t) [0-Lt) + fi(t)
-. 6-0.N,

Considering the right hand side of (18): the first term is due to target
displacement from the initial launch line; the second term represents the
effect of gunner aiming error, while the last term provides compensation.
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*~~- 7-7 --- 7-w

Figures A-? and A-3 are two equivalent versions of the system block
diagram. Figure A-? relates the input commanded horizontal position to the
output horizontal position with an error, E.Figure A-3 shows the error, Eas the difference between a point on the target line, aiX , and_ the missile
position. This figure also shows the difference between E andE

* D, ferential Equations

- * Figure A-3 in the S domain is equivalent to time domain differential
* . equations:

d2y t dy(t)+ yt) 2Y'(
(19) dt2  dt +(0y) W2 c)

*(20) e(t) a(t) x(t) -y(t)

(21) yjt() a(t) X(t) + P3(t) x(t) + Kx(t) d- at+

Using the identity g(xt aii+1()

(2?) - ~[a(t) + p(t)] dx(t)+1()

-[aCr) + P(t)] k(t) + x(t) [&i(t) + 3(t)]

and eliminating y(t) from (19), (20), and (?1) gives

e_ 2 -ax [~ [W2KX (a +3 -2 W(ax -e)]
(23)e 1j(a) d L

_W2 [Ox-K(a +13)k +e]

Integration of (23) for an initially relaxed system yields

*(24) e ax +f( W2KX (a +13 + 2 W(ax -)

* +w2f[K(a +3)i-fix -e] dT jdT
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Figure A-2. Block Diagram of STAGS-T.

COMPENSATION

GUNNER AIMING ERROR

TARGET DNMC
0 DISPLACEMENT

Figure A-3. Equivalent Block Diagram.
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or with slight rework (24) becomes

f{ [ l':".>" e =a(X -f 2 (e['a(w(2K 2 w)+-w 2KpI x
0 f'-i(x25) - K(a +)k + eJdT }dT

Equation (25) as written in PLM86 for STAGS-T is shown below:

ERR COMP1 = DAMP*OFF H;
ERR COMP2 = (HTARG*COEF2 + COEF1*GAEY F)*X;
INT-GRAND1 (GAEY F*X KOEF*(HTARG + GAEYF)*VX+OFFH)/25;
INTEGRALI = INTEGRAL1 T INTEGRANDI;
ERR COMP3 = OMEGA SQ*INTEGRALI;
INTEGRAND2 = (ERR-COMP1 + ERR COMP2 + ERR COMP3)/25;
INTEGRAL2 = INTEGRAL 2 + INTENRAND2;
OFF H HTARG*X - INTEGRAL2.

The damping and natural frequency of the missile in both pitch and yaw is
shown on page 3-72 of the Systems Characteristic Document (T-24). The
approximations used in STAGS-T for these coefficients are shown in Figure
A-4. Figure A-5 gives the downrange velocity and position.

Equation (25) and the PLM/86 incremental expressions are unchanged.
System parameters, however, are updated on each pass through the program.
This update occurs 25 times per second. The value of K as used in the
compensation term required modification because of the variable parameters.
The necessary factor was found by computer simulation to be 0.835, i.e., the
quasistatic equations use

2"2 .W) 1
(26) K 0.835 2
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Figure A-4. Coefficient Approximations.

3.0

2.0

00'-t

I aCOUNT/25

00

0 2 4 a 10 12 14 16 TIME (SEC
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APPENDIX B

MULTI-PROCESSOR MAIN PROGRAMS
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%~~~~~~ - - -. - - -. _ . % . . . ... .. •o-. - - . - - q . .. - ,-. . • . .- ]- . . :

21 2 DECLARE ASCIIPTR POINTER;
22 2 DECLARE LAST ELEMENT WORD;
23 2 DECLARE (ASCIIBUFFER EASED ASCIIPTR) (1) BYTE;
24 2 DECLARE M WORD;
25 2 DO M = 0 TO LAST-ELEMENT;
26 3 CALL SEND(ASCII-BUFFER'M));
27 3 END;
28 2 END STRING-OUT;

/'s CONVSSEND CONVERTS A INTEGER TO ASCII CHARACTERS AND SENDS
THE CHARACTERS TO THE SMCB s.

K: 9 1 CONV$SEND: PROCEDURE(HEX);

30 2 DECLARE ASCII-STRINGk4) E:YTE;
31 2 DECLARE kREMAINDERHEXN) INTEGER;
32 2 HEX IABS(HEX);
33 2 DO N. 3 TO 0 BY -1;
34 3 REMAINDER = HEX MOD 10 + 30H;
35 3 ASCIISTRINGiN) LOW(UNSIGN'REAINDER));
36 3 HEX = HEX110t;
37 3 END;
38 2 CALL STRINGOUT(@ASCIISTRING3);
39 2 END CONVSSEND;

/x NAMES FOR DIRECTION PARAMETERS USED IN CALLING MISS-COMMENT I/
-- 40 1 DECLARE MISS RT LITERALLY '0'9 MISS_LT LITERALLY 'I1,

MISSLUP LITERALLY '2"? MISS-SH LITERALLY '4';

41 1 DECLARE FOREVER LITERALLY 'WHILE I't NO TRIGPUL LITERALLY
'INPUT(PORTB) AND I', ACTION BYTE;

42 1 DECLARE SOUND-TRIGPULL LITERALLY '0'; !1 USED TO CALL SOUND 1/

43 1 H REPRISE: PROCEDURE EXTERNAL; /w THE REPRISE PROCEDURE r/
41 2 END HREPRISE;

45 1 SETRET: PROCEDURE EXTERNAL; /w SETS UP PETICON BOARD z/
.46 2 END SETRET;

/ SOUND PROVIDES SIGNALS FOR THE SOUND SUBSYSTEM s,

47 1 SOUND: PROCEDURE(KIND) EXTERNAL;
48 2 DECLARE KIND E: TE;
49 2 END SOUND;

0 50 1 DECLARE FINISHED BYTE EXTERNAL; /I FLAG SET TO MARK THE END OF FLIGHT 1/
51 1 DECLARE PORTB LITERALLY 'OCAH'; /3 PA O

/1 15 PARALLEL PORT

52 1 DECLARE TWOSECINTERVAL LITERALLY 20000', THREESECINTEPVAL LITERALLY '30000,;

53 1 DECLARE J INTEGER;

51 1 DECLARE SECONDTIME BETE; /v SECOND FIRE COMMAND FLAG 1/

., COMPONENTS OF THE CY512 PROGRAM PASSED TO THE SMCB DURING EVASION x
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55 1 DECLARE PROGSTART (1) BYTE DATA ('H',0DH,'S I',ODHp'R ');
56 1 DECLARE PROGMID (1) BYTE DATA (ODH,'F 1',0DH,'B'0DH,'E',ODH);
57 1 DECLARE PROGEND (3) BYTE DATA (ODH,'G',ODH,'0',0DH,'Q!');
58 1 DECLARE TID.BIT (5) BYTE DATA (ODHN ;

59 1 DECLARE (RATESTEPS) INTEGER; I VARIABLE PARAMETERS OF MOTOR FOR EVASION '
60 1 DECLARE DIR BYTE;

61 1 PROLOG: PROCEDURE EXTERNAL; /I CAUSES VOICE SUBSYSTEM TO ISSUE INITIAL COMMANDS a/
62 2 END FROLOC'

63 1 FIREAGAIN: PROCEDURE EXTERNAL; /I CAUSES VOICE SUBSYSTEM TO REPEAT FIRE COMMAND x.
64 2 END FIREAGAIN;

65 1 QUIT: PROCEDURE EXTERNAL; !I CAUSES VOICE SUBSYSTEM TO ISSUE ABORT COMMAN[, x/
66 2 END QUIT;

/t EPILOG CAUSE3 COMPUTER VOICE TO ISSUE HIT/MISS COMMENTS I/

67 1 EPILOG: PROCEDURE EXTERNAL;
68 2 END EPILOG;

69 1 YZCNTR: PROCEDURE EXTERNAL; /I OBTAINS GUNNER AIMING ERROR iGAE) 3/

70 2 END YZCNTR;

71 1 PPISET: PROCEDURE EXTERNAL; /I SETS UP 8255 PARALLEL PORTSA I C OUTPUT, PORTB INPUT x;
- 72 2 END PPI-SET;

73 1 FLIGHT: PROCEDURE EXTERNAL; /I MISSILE FLIGHT SIMULATION PROCEDURE I/
71 2 END FLIGHT;

75 1 INITIATE$VAR: PROCEDURE EXTERNAL;
76 2 END INITIATESVAR;

77 1 CYS12_RESET: PROCEDURE; /t RESETS ALL STEPPER MOTORS PRIOR TO EVASION 

- 78 2 CALL SEND('R');
79 2 CALL SEND:'T');
80 2 CALL SEND(CURRENTTRACK AND 03H);
8 2 CALL SEND('P');
82 2 CALL SEND(CURRENTTRACK AND 03H); do

83 2 END CYSI2_RESET;

84 1 DODGE: PROCEDURE; /I CONTROLS AND EXECUTES EVASION /

85 2 DECLARE OLDTCNT INTEGER; /I STORES PREVIOUS TCNT I/
86 2 DECLARE TANK-STOPPED LITERALLY 'iTCNT - OLDTCNT) = 0'; /1 NO MOVEMENT BETWEEN PASSES ,

0.7 87 2 DECLARE GAEY-LIMIT LITERALLY '.OE-3; /I AIMING AT TANK WHEN WITHIN LIMITS 3!

88 2 DECLARE ;AEZLIMIT LITERALLY '4,OE-4';
89 2 DECLARE ON-TARGET LITERALLY 'ABS(GAEY-F) GAEYLIMIT AND

AE:S(GAEZF) GAEZLIMIT;
.90 2 DECLARE PERCENT-FACTOR LITERALLY '(LOWRANDOM AND2) 2,; 1) EVASION PROBAE:ILITY IS 5 o .

91 2 DECLARE TIMES-UP LITERALLY 'HIGH-RANDOM = 0'; 1 RANDOM DELAY a/
92 2 DECLARE GOOD-GUNNER LITERALLY 'GUNNERRATING 0'; !1 NO EVASION FOR RATING OF :ERO .

93 2 DECLARE NOTTRACK_3 LITERALLY '((CURRENTTRACI, AND 03H, 2'; /a NO EVASION ON TRACI 3 a
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94 2 DECLARE EVADE-ENABLED LITERALLY 'TIMES-UP AND TANYSTOPPED AND
GOODGUNNER AND PERCENT-FACTOR AND
ON TARGET AND NOT TRACK3;

95 2 IF EVADEENAB:LE[
THEN DO;

/I GET RATE, STEPS, AND DIRECTION x/

97 3 RATE = INT((LOWRANDOM AND 60H) + 100);
98 3 IF LOWRANDOM THEN DIR = 2DH; ELSE DIR 2BH;
101 3 IF (5240 - TCNT) TCNT /I MAXIMUM MOVE IS DISTANCE TO NEAREST EDGEOF MODEL BOAR(,

THEN STEPS = TCNT!INT,(SHR(LOWRANDOM,2) AND 07H) + 1);
102 3 ELSE STEPS = (5240 - TCNT)!INT((SHR(LOWRANDOM,I) AND 07H- 1);

/RESET CY512~ GET CURRENT TRAcr AND SEND IT a/

104 3 CALL CY512-RESET;

105 /x SEND PROGRAM WITH VARIABLE RATE? STEPS, AND DIRECTION !

105 3 CALL STRINGOUTi@PROGSTARTLAST(PROGSTART.);
* 106 3 CALL CONV$SENDiRATE);

107 3 CALL STRINGOUT(@PROGMIDLAST(PROGMIDY";
108 3 CALL STRINC-OUT(@DIRO);
109 3 CALL STRINGOUT(@TIDEITLAST(TID_ FT;
110 3 CALL CONV$SENDiSTEPS);
111 3 CALL STRINGOUT @PROGEND[LAST(F'PROGEN[));

/3 DISABLE ALL BUT GUNNER RATING OF 2 z/

112 3 GUNNERRATING = GUNNERRATING - 1;

I GET RANDOM NUMBERS FOR GUNNERRATING OF 2 ,
/s BY DOING A BYTE SWAP! KEEP DELAY BETWEEN MOVES UNDER I SEC

113 3 HIGHRANDOM k tLOW(UNSIGN'J)) AND IFH); /' MAY DELAY = 0.6 SEC !

114 3 LOW-RANDOM HIGH(UNSIGNtJV: AND 1111$1101E;:
115 3 END;
116 2 OLDTCNT = TCNT; !: SAVE TCNT '

117 2 HIGH-RANDOM = HIGH-RANDOM - I; /: RANDOM DELAY COUNTER I/
118 2 END DODGE;

PROGRAM STARTS
Rizi1II3III3I1IIII1I3lIII1IIII331II3III1IZIIII1IIIIIII31IIIl1

119 1 DECLARE START-UP LAEL PUBLIC;
* 120 1 DECLARE (LOWRANDOM, HIGH-RANDOM) BYTE;

121 1 CALL TIME(15000); /y 1.5 SEC TO ALLOW UFI-41'S TO RESET 3/

122 1 START.UP:
CALL PPISET;

A123 1 DO I = 0 TO 100;
124 2 HMISASCII(I ; /1 CLEAR PUFFERS USED IN REPRISE x/

125 2 END;
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126 I CONTINUE = 0; /1 ZERO FLAG USED PY PROLOG '.

127 1 CALL PROLOG; ' ISSUE INITIAL COMMANDS r/

128 1 J = TWOSEC.INTERVAL; /i J USED AS INTERVAL TIMER I RANDOM NUMEEF BY DODGE 2/

129 1 SECONDTIME =0; /1 SET IF FIFE COMMAND WAS REPEATED a

130 1 DO WHILE NO.TRIGPUL;
11 2 CALL TIME(1); /1 0.1 MSEC DELAY I!

132 2 J = J 1;
133 2 IF (J; 0) AND (SECONDTIME = 0) .2 REPEAT FIRE COMMAND IF TRAINEE I!

THEN DO; /3 DID NOT FIRE IN TWO SECONDS I/
135 3 CALL FIRE-AGAIN;
136 3 J = THREESECINTERVAL;
13' 3 SECOND-TIME = 1;
13B 2 END;
139 2 ELSE IF (J = O AND (SECOND-TIME 1) /t ISSUE ABORT COMMAND IF TRAINEE a;

THEN DO; / HASN'T FIRED IN THREE SECONDE.:
141 3 CALL QUIT; /I AFTER REPEAT FIRE COMMAND ,
!42 3 HALT; /x STOP PROCESSOR 2/

113 3 END;
END;

145 1 CALL SOUND(SOUNDTRIGPULL); x LAUNCH EXPLOSION ,

146 I CALL INITIATEtVAR; !z FOR TOW FLIGHT x/

." 1 1 LOWRAODOM LON(UNSIGN(J)); 7' GET RANDOM NUMBER I!
148 1 HIGHRANDOM SHLtHIGH(UNSIGN(J)),I); /I RANDOM DELAY FROM 0 TO 9.A SEC 2/

149 1 CALL TIME'15000); /I SIMULATED LAUNCH DELAY 2'

150 1 CALL SETRET; .,' SET UP RETICON CAMERA I'

151 1 TO FLY z DO WHILE NOT FINISHED; /I MAIN LOOF w./
152 2 CALL YZCNTF:; /I GET GAE x.'
152 2 CALL FLIGHT; 'a SIMULATE NEXT 40 MILLISECONDS OF FLIGHT a.
154 2 CALL DODGE- / EXECUTE POSSIBLE EVASION 2.'

155 END TO-FLrS;

156 IF ,WIFEROVE 1 ) OR 'HILLIMFACT 1) OF 'GUIDANCE-LOST

/2 SPECIAL MISS COMMENTS VIA x.MIE-ASCII PUFFER x'

THEN DO;
158 2 IF VIREB-OVE I THEN CALL M0VFE/WIECOnMENT,.'_MISASCII,1)2;

. IF HILL_1MFACT I THEN CALL MOVB @HILL COMMENTY? MIE ASCIIIOI;
-2 IF GUIDA--LOST = I THEN CALL MOVE: @GUIDANCECOMMENT,@YMISASCII!!5;

1 2 END;

. OTHERWISE PRINT IS2 DISTANCES -

" t'. I ELSE DO:
ob 2 IF RIGHT '.

THEO CALL MISSCOMMENT RIGHT.KISASCIIMISSRT)
"-1 IF LEFT 0.
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THEN CALL MISSCOMMENTt@LEFT,@HMISASCIIMISS.LT';
17A 2 iF UP' 0,

THEN CALL MISS COMMENT,'@UP,@V MIS ASCIItMISS UP);
172 2 END;

/I PRINT SHORT DISTANCE ONLY IF NO SPECIAL MISSES W/

173 1 IF SHORT :. 0. AND AE:SISHORT '" 2.611t THEN
174 1 DPOFSHOFT: DO;
175 2 IF (WIREE:ROfE = 0 AND HILL-IMPACT = 0 AND GUIDANCE-LOST =, THEN
176 2 CALL MI£SCOhMENT(OSHORT,@X MIS ASCIIMISS SH);
17 FELL-SHORT = 1;
17 2 END DROP-SHORT;
1.79 1 ELSE FELL-SHO'T 0;

180 1 CALL EPILOG; /I VEREAL MISS COMMENTS ..

181 1 ACTION ..AIT; / WAIT FOR REPRISE ,.

DO FOREVER;
18: 2 ACTION = NOTINPUT(PFORT_.)) AND AIH;
1S? 2 IF ACTION = i THEN CALL HREPRISE;
185 2 END ACTION-WAIT:

18e 1 END MAINTOWMODULE:
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CROSS-REFERENCE LISTING

DEFN ADDR SIE NAME, ATTRIEUTES, AN[D REFE:ENCES

AB. . . . . BUILTIN 99 173
41 0013H I ACTION, BYTE 182 18K
1-1- 181 0319H ACTION-WAIT. . LABEL

001 4OH 1 ASCII BUFFE ' BYTE BASED(ASCII FPTR ARPAY(I'
20 0006H 4 ASCIIFTR, . . POINTER PARAMETER AUTOMATIC 21 23 2e
30 O0FH 4 ASCIISTRING . . . B:YTE ARRAY(4) 3 38
3 AOIFH I CONTINUE , , . YTE AT ABSOLUTE 126

2 0367H 96 CONVSEND ., PROCEDURE STACK=0014H 106 110
12 OOOOH 1 CURRENT TRACK., BYTE EXTERNAL(G, 80 82 Q5
.' 03C7H 55 CY51:_PESET. . . . PROCEDURE STACK=0O08H 104
17 OOOOH 4 DECAD; ... POINTEF PARAMETEP 18
60 0013H I DIR,..... .. BYTE 9Q 10 O108
17 O000H 1 DIRECTION, , . BITE PARAMETER 18
84 03FEH 317 DODGE.. . . . . . POCEDUFE STACK=0018H 154
174 02CDH DROP'SHORT . . . . LABEL
67 0000H EPILOG . . . . . . FROCEDJRE EYTERNAL(1 STACY=OOOOH 180

94 EYADEENABLEC;, LITERALLI 99
AOIEH I FELLSHORT . . . . BYTE AT ABSOLUTE 177 179

50 OOOOH 1 FINISHED . . . . . E:YTE EXTERNAL(17, 151
63 OQOOH FIRE-AGAIN PROCEDURE ExTERNAL(19) STACK=0000H 135
73 0000H FLIGHT . . . . . . PROCEDURE EXTERNAL(24) STACK=OOOOH 153
41 FOREVE'. . . . . . LITERALLY 181
11 OOOOH 4 GAEYJ . . . . . . REAL EXTERNAL(61 95
87 GAEYLIMIT . . . . LITERALLY 09

11 OO0OH 4 GAEZF . . . .. REAL EXTERNAL(7) 95
88 GAEZLIMIT LITERALLY 9c
9,2 GOODGUNNER. LITERALLY 95
16 0026H 15 GUIDANCECOMMENT BYTE ARRAY'15, DATA 163
13 OOOOH I GUIDANCELOST. . . BYTE EXTERNAL(12i 156 162 175
4 AOKH I GUNNEF-RATING, .. BYTE AT ABSOLUTE 95 112

29 0064H 2 HEX ..... . . INTEGER PARAMETER AUTOMATIC 31 32 34 36
HIGH . . . . . BUILTIN 114 148

120 0017H 1 HIGH-RANDOM. . . . BYTE 95 113 117 148
14 O010H 10 HILL-COMMENT . . . BYTE ARRAY(10: DATA 161
13 OOOOH I HILLIMPACT. . . BYTE EXTERNAL(10) 156 160 175
2 L. AOZ2 2 H.MISASCII, I BYTE ARRAY(22) AT ABSOLUTE 124 167 169
43 OOOOH H.REPRISE . . . PROCEDURE EXTERNAL(14) STACK=00O0H 184
8 00EH I I ..... . BYTE 123 124

IAES . . . . . .. BUILTIN 32'
75 OOOOH INITIATEVAR. PROCEDURE EXTERNAL(25) STACk=OOOOH 146

• INPUT. . . . BUILTIN 130 182.
INT . . .. BUILTIN 97 102 103

5 93 0006H 2 J .... .INTEGER 113 114 128 132 133 13t 13Q 1V 14
47 OOOOH 1 KIND .... BYTE PARAMETER 48

LAST ...... BUILTIN 105 107 109 111
20 0)004H 2 LAST-ELEMENT . . . WORD PARAMETER AUTOMATIC

. 9 OOOOH 4 LEFT ...... . REAL EXTERNAL(2) 168 169
" LOW .... . BUILTIN 35 113 147
O 120 0016H 1 LOW RANDOM . . . . fYTE 95 97 96 1(,1 10 111 11-
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* ~21 000HK M.... . OE 5 2
I 1 O6CK 7 11 MAIN-TOW-MODULE, PR'OCEDUR'E STAC0='01AK
17 0000K MISS-COMMENT . . . PROCEDUR:E EXTERNAL(13) STAC[=00004 W6 169 171 17

40 MISSLT .. .. .. LITERALLY 169

40 MISSRT. .. ... LITERALLY 167

*40 MISSSKH. . . . . . LITERALLY 176

io4 MISSUF . . . . . . LITERALLY 11
MOVE: B.. . UILTIN 15q 16! 16 3

31 0004H 2N,. . . , INTEGEP 3235
N3rOT-T;AC_ 3. . . . LITERALL 9

1 1 NO TRPI G PUL .. . . LITERALLY 130
e- 85 OC 000 2 LD-CNT .. . . . INTEGER ?5 116

*89 ON-TAPGET . * LITERALLY 95
S0000H 1 OUTDAA . . . .. EYTE PARAMETEP 6

90 PERCENTJFACTOF LITERALL0 9
51POT-P . . .. LITERALLf 130 182

H1000 PFSET .. .. PROCEDUPE EXTERNALk2)£TC000 2
C7 0046H 8 PROG-END P YTE APRAY'8. DATA III

56 OC13DH PROG-MIE' . .* . PYTE ARR'AI (S DATA 10)7

550035H FROG START . . . . PfTE ARRAY(S) DATA' 105

61 0(004 FROLOC . . . PROCEDURE EXTERNAL(IB) STACV.=OO0K 1?7

A-5 0000H QUIT .. .. .. . PROCED1RE EXTERNAL:20) STAUYVO0KO 141
59 0008K RATE . .. ... INTEGER ? 3

1700H 4 REALADR .. . . . POINTER FAPAMETE 18
31 0002KH 2 REMAINDER:. . . . . INTEGEP -11 35

9 OO q00 RIGHT .. . . . .. REAL Ex.TERNAL1' 166 lit'

51 0014K 1 SECONO TIME . . . . EYTE I~ 132 147 13Q

50900K SEND PROCEDURE Et'TERNALIO) STACK=0000H 26 78 79, 80 91 8
45 000K ETRE ... .. ROCEDURE U~TEF:NAL1,15) STACI(=0000H 150

SL . . . . E:UILTIN 149

9 0000K 4 SHORT... .. REAL EXTERNAU4, 1.73 176
SHP," B UILTIN 10:_ 103

V7 0000K SOUNE.... PROCEDURE EXTERNAL(16) STACK=0000K 145

42SOUNDTRIG-PULL. LITERALLY 145

*119. 0089K STAPTUF . . . . LAP:EL PUPLIC12
i 59 0OOAH 2 STEPS .. . .. . . INTECER 102 102 110

*-20 0336K 49 STRING-OUT . . . . PROCEDURE STACI:=00OEH 38 105 107 108 109 il1

86 TAKSTOPPED . . . LITERALLY Js

10 0000K 2 TENT . ,. ... . INTEGER EXTERNAL(5', 95 101 102 103 116_

12 0000K 1 THREE-SECFLAG . EYTE EYTERNAL(9)
52 TKREE-SEC-INTERVAL LITERALLY 136

58 O~iEH 3 TIO-BIT .. . . . . EYTE ARRAY'3Y DATA 109
TIME . . . . EUILTIN 121 131 14Q

91 TIMES UF . . . . . LITERALLY 95

*-151 0174K TOW-FLYCS . .* . LAP:EL

*52 TWO-SEC-INTERVAL LITER:ALLY 128
UNSIGN . . EUIL TIN 3r5 112 I14 14.7 148

9 0000K q UiP *. .REAL EXTERNAL>2 110 1*'1

2 A038K 227 V MIS _ASCII. . YTE ARRAY 22. AT AF:SOLUTE 11

OH 120I0 WIPE PPOYE . . . . E YTE E TEPNALillI 156 158 I'S

*15 001AH 12 WIRE; rOMMENT EITP~E ARRAYI1> [ATA I5
*2 AOiEK 22 xMIS ASCII . . . EfTE APRAY'22 Al AESOLUTE 15 161 161 1'

69 0000K YZCNTF ... PRCDR EXTERNAL(2: STC',OOO

* - MODULE INFORMATION:
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CODE AREA SIZE =05711H 1394D
CONSTANT AREA SIZE = O000 OD

*VARIABLE AREA SIZE =OO16H ZIC
*MAXIMUM STACE SIZE =OOIAH 26D
* 303 LINES READ

0 PROGRAM ERROR(S'

END OF PL/M-86 COMPILATION
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ISIS-II PL/h-86 V2.1 COMPILATION OF MODULE TO TL1CHTMDDLILE
OB:JECT MODULE LACED IN :.F2:TOWFLF.EJ
COMPILER: INVOKED EY: PLM86 :F-: TOWFLP.0 19 DEE:UE. ROM hEDIUM XREE IXREF WOR FILES 1 ;F2::Fl:i DATE 1/2{'83
I TOWLIGHT$MODULE: DO;

OFF -EOARD ABXSOLUTE ADDRESSE;

2 1 DECLARE DISTANCE WOD i OA00AH.; /I FOR FIF I
I DECLARE TAR6ETSNITCH P~TE AT OAOODH,. /t NOT CURF:ENTLi USED I/

I 1 DECLAR:E YANf- FIR[, ZANGJIRD INTEGER AT (OAO1WY, (EIREDDTRDY?
COACH_ONt FIRDHITS, EIFOMISSES. H-REF -RO? H-REP-_O, V_REPPQY
VYREFRGO tGRND- IRD EN_REP I SE EPYTE AT (OA0l4H;

I DECLARE 'HIT-_KILLtHIT _ DISAELE) FPE AT 'OAO:0H ;
6 1 DECLARE TURNED BYTE AT (0081W;) SIGNALS TAI' HAS TURNED I-

~~~~ ~~END OFP-E:OAPC ADDRESSES K~~~tIkurzlz~

I DECLARE GUIDANCELOSTTHPEE_SEC FLAG) F:iTE P'UBLIC.

D ECLARE COACH-COUNT BYTE: 'D EC INTEPYAL TIHEP FOR COAC ING i

/I VAF:AIPLES FOR WIRE PREAK I

DELR .ALP'H E TA GAMMA! DELTA? JERI' rJEF.$ 2 REAL;
I C' I DECLARE STORE-HTARG 1.1. PEAL? STOREGAE'T') REAL! STOREKGAEZ(1( REAL
11 1 DECLARE L INTEGEF'. WIRE-EPOKE PYTE PUPLIC:

12 1 DECLARE SRFEECHHITSF'EE[CKMIS (!YTE EXTERNAL /i HIT 'Mcs FLAGS F EFLC

13 1 DECLARE FINISHED PYTE PUE:LIC;

li 1 DECLARE (GAE J. GAE7-Fi HTARG, SHORT- DFFHf Z- X- MISSILE-21 REAL PUB:LIC-

15 I DECLARE Flu'47,LEFT.VF, REAL EXTERNA

16 1 DECLARE (F t.) _ Z.DATA_ RDY1,HILL-IMFACT.CUR.RENT-TRACk') P:TE EXTERAL;

17 1 DECLARE (AENT DENT) INTE6ER ExTERNAL; ifANCLLAP & DEPRESSION MOTOP COUNTS I

/NOT CUPPENTLI USED i

18 1 DECLARE (GAE!t GAE-7 WORD EXTERNAL; I: AE IN HALF PIYELS FROM J7CNTR

19 1 DECLARE TEMP INTflEGE:

2-0 1 DECLARE 'OUN! INTEGEP PUELIC; L0~~LISECOND INCREoENTS z

I 1 DECLARE ( PYAN"[ , 09lNTI&RAL., INTEGR ANCI Pl,

I2 DECLARE *VZ. F TIME 1REAL

2 22 1 DECLARE (ZETA_ Hw ZETA','. OMEGA-H. OMECA V R&'AL;

14 f DELR OMECGA SO H. OMEGASV DAMW jA F ''RA ISL AF iN NATU A FjLH5
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ISIS-II PL/M-86 V2-1 COMPILATION OF MODULE MAIN-TOW MODULE
.OBJECT MODULE PLACED IN 'F2T0WM
COMFILER INVOKED BY: PLM86 :F2:TOWMN,020 DEBUG ROM MEDIUM XREF IXREF WOR FILESf F2:,:F2) DAT

"'MAINTOWMODULE: DO;

OFF-BOARD ADSOLUTE ADDRESSES

,# BUFFERS FOR MISS COMMENTS DURING REPRISE x/

I DECLARE ZH MIS ASCIIVISASCII,XMISASCII ) ,22; BYTE AT OAO22H'.
FELLSHOPT BYTE AT (OAOIEH);

3 1 DECLARE CONTINUE BYTE AT (OAOIFH,;

I 1 DECLARE GUNNERRATING E:YTE AT OAO8OH);

END OFF-BOARD ABSOLUTE ADDRESSES

, SEND TRANSMITS A E:YTE TO UPI-11 ON THE STEFPEF MOTOR CONTROLLER
.OAF'D (SMCE: ,

5 1 SEND: PROCEDURE (OUTDATA) EXTERNAL:
6 DECLARE OUTDATA BYTE;
7 Z END SEND;

8 1 DECLARE I BYTE;

? 1 DECLARE (RIGHTLEFTUFSHORT) REAL EXTERNAL; /2 MISS DISTANCES 1'

. I0 I DECLARE TCNT INTEGER EXTERNAL; '1 TARGET POSITION COUNTER .

i t1 1 DECLARE GAE_F, 9AEZF) REAL EXTERNAL; /I AIMING ERRORS i,

. 1Z 1 DECLARE (CURRENTTRAC:., THREE-SEC-FLAL EITE EXTERNAL:

13 1 DECLARE (HILLIMPACT. WIFEBROKE, GUIDANCE-LOST BYTE EXTERNAL;

S1 DECLARE HILLCOMMENT(IO) BYTE DATA('- HIT HILL');

15 1 DECLARE WIRE.COMMENT(12) BYTE DATA('- WIRE BROE .,;

16 1 DECLARE GUIDANCECOMMENTK15, FYTE DATAi'- GUIDANCE-LOST');

17 1 MISSCOMMENT: PROCEDUEREAL$ADR, DECSADR! DIRECTION, EXTERNAL;
lB 2 DECLARE (REALSADR. DEC$ADR) POINTEF, DIRECTION E:YTE;
I ? END MISSCOMMENT;

/x STRING OUT SENDS A STRING OF INSTRUCTIONS TO THE SMCB USING
THE SEND PROCEDURE GIVEN A FOINTER TO THE STRING AND THE

SUESCRIPT OF THE LAST ELEMENT 2'

2 I 1 STRINGOUT: F'ROCEDURE ASCIIF'TR,LAST_ELEMENT;

75
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z 1 DECLARE KOEF, COEFI, COEF2. REAL; ': FLIGHT DYNAMIC COEFFICIENT '

- 26 1 DECLARE (SUM0, INTEGRALI, INTEGRANDI, ERRCOMF', ERPCOMF3. ERF-COMFl XTARG) REAL;

27 1 DECLARE fVIARG, HANC, VANG, DEL$VZ' REAL; /z HANGVANG GIVE MISSILE POSITION RELATIVE TO AIM

- DIANS z!

28 1 DECLARE EXPONENTIAL REAL;

29 1 DECLARE RESULTS(8O0.) STRUCTURE(SX WOFDS_Y REAL,SZ REAL!
S_GAEy REAL, SGAEZ REAL AT l2000H, I INTEGER;

30 1 DECLARE GROUND-EXF' LITERALLY '2', /I PARAMETERS FOR SOUND '
HIT-TARGET LITERALLY 'I't

. FACTOR LITERALLY '0.835'; /x CORRECTION FACTOR FOR LEAD ANGLE CONSTANT I

6 31 1 DECLARE INIT-COACHCOUINT LITERALLY 25; /z COACH EVERY SEC IF ENABLED 11

- 8087,LIE PPOCEDURES

- 32 1 INIT8.: PROCEDURE EXTERNAL;
33 2 END INITS';
34 1 mqerEXF: PROCEDURE (1.1 REAL EXTERNAL:
35 2 DECLARE x REAL;
36 2 END mqerEXF';

/1 COACH USES GAE TO ISSUE COACHING COMMANDS IF AIMING ERROR
EXCESSIVE 1,

37 1 COACH: PROCEDURE iGAEH, GAEV EXTERNAL;
38 2DECLARE lGAEHGAEkVi REAL;

. 39 L END COACH;

40 1 SOUND: PROCEDURE (WHATlIND) EXTERNAL;
41 2 DECLARE WHATKIND, PYTE;
42 2 END SOUND;

, TARGET DATA OETAINS HTARS, TARGETl, TARGET_Z, TCNT AND
* EFFECTIVE TANI' DIMENSIONS a:

43 1 TARGETDATA: PF:OCEDU:E EXTERNAL;
44 2 END TARGET-DATA;

/s ACTIVE TRACV OETAINS THE NUMBER OF THE TARGET TRACV g/

45 1 ACTIVETRACY: PROCEDURE EXTERNAL;
46 2 END ACTIVE-TRACK;

/I UPDATE COUNTS IS USED TO OETAIN THE INITIAL TARGET COUNT

1 1 2 UFDATE-COUNTS PROCEDURE FIRSTPASS.; EXTERNAL;
* 48 2DECLARE FIRST PASS FYTE;

4? 2 END UPDATECOUNTS;

I PROCEDURES THAT DETERMINE HIT OR MISS, ONE FOF EACH TRACI' .
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50 1 TRACKI: PROCEDURE EXTERNAL;
51 2 END TRACK_];
52 1 TRACK_2: PROCEDURE EXTERNAL;
53 2 END TRACK_2;
54 1 TRACK_3: PROCEDURE EXTERNAL;
55 2 END TRACK_3;

S*.- /x GROUNDED CHECKS FOR MISSILE GROUND IMPACT x/

56 1 GROUNDED: PROCEDURE EXTERNAL;
57 2 END GROUNDED;

58 i HREFRISE: PROCEDURE PUBLIC;
59 2 H REP_R0 = 1; !3 SIGNALS PIP TO SET-UP FOR HREPRISE I/
60 2 DO WHILE NOT HREPGO; /I WAIT FOR PIP TO COMPLETE SET-UP I/
61 3 END;
62 2 HREPGO = 0;
63 2 DO I = I TO COUNT;
64 3 CALL TIME(380);
65 3 TEMF = FIX(100.0 + RESULTS(1).S-Z!0.1);
-56 3 IF TEMP 0

THEN F_Z 0;
68 3 ELSE B_Z LOW(UNSIGNITEMF);

., PASS VERTICAL DISTANCE OF MISSILE FROM TARGET LINE TO PIP BOARD
IN DECIMETER INCREMENTS. 3/

69 3 TEMP = FIX(100.0 - RESULTS(I).S-Y!O,1);
70 3 IF TEMP . 0

THEN F: Y 0;
72 3 ELSE EY = LO(UNSIGN(TEMP));

/ii PASS HORIZONTAL DISTANCE OF MISSILE FROM TARGET LINE TO PIP BOARD
IN DECIMETER INCREMENTS, 'I

73 3 DISTANCE RESULTS(I),SX;

74 3 DATARDYI = 1 ;
75 3 E;IPDDT-ROY = 1;

76 3 END;
77 2 CALL TIME(3B0';
78 2 ENDREPRISE = 1;
79 2 END HREPRISE;

• ll IS~ISSSlSIIlIIIIISSSxxlwzzuzuxfxzzzlI|IlugzxIhulS lxlPROGRAM VARIAE:LE INITIALIZATION

80 1 INITIATE$VAP: PROCEDURE PUBLIC;

81 2 CALL INITB7;
82 2 COACH-COUNT = INITCOACHCOUNT;
83 2 TARGET-SWITCH = 0; /z TEMPORARILY DISABLE TARGET SWITCHING I/
81 2 CALL ACTIVETRACK; /s GET CURRENT TRACK 3!

-- Z8 CALL UPDATECOUNTS(1); /3 GET INITIAL COUNTS I/

86 2 IF TURNED= I
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THEN ACNT = 24; /z 90 DEGREE TURN ,,-

88 2 ELSE ACNT = 0; !w NO TURN x/

89 2 DCNT = 550; I ZERO DEPRESSION COUNT 1.

90 2 VZ = 10,160:
91 2 00 L = 0 TO 3; /z ZERO WIRE BREAK STACKS z/
92 3 STOREHTARC(L), STORE-GAEY(L), STOREGAEZ(L) 0,;
93 3 END;
94 2 WIREBROKE = 0;
95 2 MISSILEZ, X! Z, VTARG, VANG, HANG, OFFH 0.;
96 2 GAEYF, GAEZF, INTEGRAL7, SUMO, INTEGRAL: 0,;
?7 2 RIGHTLEFTtUF'SHORT = 0,;
98 2 GUIDANCE-LOSTTHREESECFLAG 0;

,9 2 XTARG = 3000.0;
1 100 2 MAXRANGE = 3500.0; /t RANGE FOR FINAL GROUND IMKPACT i"
101 SPEECHH!T, SPEECHMISS : 0;
102 2 HILLIMPACTFINISHEDEIRD-HITSBIRD-MISSESGRNDE:IRD = 0;
103 2 HREF'_RO,HREF'_GO.,_REPFROVREF'_GO,ENDREPRISE 0;
101 HIT-KILLi HIT-DISAE:LE 0;"

106 2 COUNT =0;

107 2 END INITIATESVAF';

MF5 MAIN PROCEDURE

108 1 FLIGHT: PROCEDURE PUBLIC;

109 2 COUNT COUNT +1;
110 2 I=141;

111 2 IF COUNT := 75 THEN THREESECFLAG =1;

/IIIIIIIXIIIISIIYIIIIIISIISlIISXIXIIIXXJIIIIS~lIIllIIIIlI~lIS

GET TARGET POSITION I GUNNER AIMING ERROR~~~I13SS XIIIXI I1IX XIXS~ISSXXIJXXIIIIXIIXXSIII IISSX~I I .XI "

*"' TARGET POSITION IS MEASURED FROM THE INITIAL TARGET LOCATION '

" 113 2 GAEYmF = 5.906E-5 I FLOAT(SIGNED(GAEY) ; /1 .6 CM DETECTOR HEIGHT DIVIDED BY 1i
114 2 GAEZF = 5,906E-5 ' FLOAT(SIGNED(GAEZ,; /1 (200 HALF FIXELS 1 76.2 CM FL) 1"

115 2 CALL ACTIVE-TRACK: Ix GET CURRENT TRACK 1/

" 116 2 CALL TARGET-DATA; /i GET TARGET PARAMETERS 9 CORRECT RAW GUNNER AIMING ERROR 1/

.'" /IIXXIIXIIXIIIIIIIXIIIIXIlI ~ IISXSSIS I XXSSISSSXlIIIKII XX I X~SSSI S "

TRANSFER BIRD POSITIONS TO 'FIP'

117 2 ZANGPIRD = FIY(YANG',0001); / ANGULAR POSITION OF MISSILE RELATIVE 1/

118 2 YANGBIRD = FIX(HANG'c,O001; /z TO AIMING AXIS IN HALF PIXELS I/

11 2 EIRD-DT RDi 1;
' /XIS3lIISSSSXXISIIIIX ISS ~ ulS xlxSSIl:IISSXlIX3XSSSSSSSSIlSS

CHECK IF WIRE BROKE

78 .-. -- "
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120 2 ALPHA = STORE-GAE0(3) - GAEY-F; /I CHANGE IN AIMING ANGLE 1'

.- 121 2 GAMMA = STORE-HTARG(31 - HTARG; I CHANGE IN TARGET ANGLE z!

122 2 DELTA = ALPHA - GAMMA;

123 2 BETA = STOREGAEZ(3) - GAEZ_F;
124 2 JERY Y = (DELTA 'DELTA) 25.0 4.0;
125 2 JERI'_Z = (BETA z BETA) 1 25.0 / 4.0;

/1 A JERK IS A RATE OF I MRAD. IN 1/25 SEC. FOR AN ANGLE OF 2.5 MRAD. a/

"- 126 2 IF (COUNT 5) AND ((JERYY 62,5E-6) OR (JERK-_ 62.5E-6))
* THEN DO;

128 3 FINISHED!WIRE_:RO'E,GRNfBIRD 1;
129 3 CALL SOUNDGROUNDEXP);
130 ? END;
131 2 ELSE 0,;
132 3 DO L 2 TO I BY -1;
132 4 STOREGAEfiL) = STORE-GAEfIL - 1);
134 4 STOREGAE2(L) = STOREGAEZ(L - 1);

135 4 STOE_HTARGtL) = STORE HTAFG(L - 1);
136 4 END:
137 3 STOREGAEf(O, = GAEY-F;
138 3 STOREGAE7(A, = GAEZF;
13Q 3 STOREHTARCO) = HTAFG;
140 3 END.

-*" .:i .,111311133113311333E3311333: COACHING 13U333n 3*313313X111,!

•141 2 IF COACH-ON = I
THEN DO;

143 3 COACH-COUNT COACH-COUNT -;
144 2 IF COACHCOUNT = 0

. THEN DO;
146 4 CALL COACHGAEY_F!GAE_F);
147 4 COACH-COUNT = INITCOACHCOUNT;
148 4 END;
14 2 END;

CHECK~ FOR POSIBLE HIT

... , 15¢0 2 SHORT - XTARG;
151 2 IF ABS'SHOPT.,- 4.9 THEN /w + OR - 8 FT FROM RANGE OF TARGET 3/

152 2 AT-TARGET: DO;
153 3 DO CASE CURRENTTRACV;
154 4 /1 NULL STATEMENT ./

- 155 4 CALL TRACK_1;
156 4 CALL TRACI 2;
157 4 CALL TRACK_3;

* 158 4 END;
1S 3 FINISHED 1;
.160 IF SPEECHHIT

THEN DO;
162 4 GRNI BIRD = 1;
16^ 4 CALL SOUND'GFOUNDEXP);
164 4 END;
165 3 END ATTARGET;

79
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CALCULATE MISSILE DAMPING, NATURAL FREOUENCY AND VELOCITY.

SEE TOW R:EPORT APPENDIX FOP THE DEFINITION OF THE
FOLLOWING VARIABLES AND EQUATIONS.

166 - EXPONENTIAL =alerEXP(-X/10O000);

17 67 2 ZETA-H (0,24 2EXPONENTIAL 4 OA1O)/1-0; !x QUICK( FIX 11'09/82
168 A' ZETA-V = (0.223 EXPONENTIAL 4 , 1140

169 2 EXPONENTIAL =6.4 1 sjerEXPf-X!15(1,0);

11l0 2 OMEGA-H =ExPONENTIAL + 2.60;
171 2 OMEGA-V EXPONENTIAL 4 12,00;

* 72 2 OMEGA'O-H OMESA-H OHEGA-H;
* 73 2 OMEG-A-V = OMEGA-V 'OMEGAJ

* 4 2 DAMPH =2,0' ZETA_ Hs OMEGA-H:
*175 2 DAMP V =, 'A ZETAJ I OMEGAV;
*? I7 2 KOEF FACTOR C',A DAMP-H/ OMEMS HI;

177 2 COEFI OMEGA.S0T H aOF
178 COEF2 COEFI -DAMP H;

S179 2 FTIME =0.01 1 FLOAT(COUNT); 'RECNFEUEC NO25HERTZ I/

10 2 VY 165.10 11,0* - &qerEXP'-.EFTIMEl & qerEXP(-FTIME!5,5Sm

FIND MISSILE POSITION

181 2 DEL-X VX!25.0;
18: 2 X~ =X +DEL-X;
183o 2 DISTANCE UNSIGNFIX(X0

184 2 DELSV? (ONEGASO-VzGAEZ-FXY -DAMP-VIVZ -OMEGASO VtZ)/&25,0;
18 2i VZ =VZ +DELSVZ/2.0;
186 2 2 Z + vz/25.0;
187 2 MISSILE-Z =2 1.25;
188 2 VZ =VZ + DELSvZ/2.0;

189 2 ERR-COMPI DAMP HlOFF H;
190 2 ERR-COMP2 (HTARGiCOEF2 + COEFlxGAEY FIX;
191 2 INTEGRANDI (GAEY FIX-KOEFzUHTARC GAEY-FxYX+OFF H1/251,0;
1921 INTEGRALI INTEGRALI + INTEGFRAND'1;
1923 ERP-COMP3 OMEGASOHINTGkALI;
194 2 INTEGRAND' (ERR COP- RCN' RCOM'3 /25.0;

195 2 INTEGRAL&' INTEGRAL2 +INTEGRAN02;
196 2 OFFKH HTARGIX -INIEGRAL2;

0 *



DEFINING ANGLES

197 2 IF COUNT 0 THEN is TO AVOID A *DIVIDE BY ZERO' WHEN CALCULATING 'HMlSS.' I/
198 2 ANGLES: DO;
199 3 HANG =-OFFKH!X - GAEY-F;
200 3 VANG =Z!X - VTARG -GAEZF;

201 3 END ANGLES;

CRASHED,

202 2 CALL GROUNDED;

OUT OF FOV?

23 2 IF (THREELSEC-FLAG 1) AND ((ABS(CAEY-F) 5.0E-3) OR (AE$(GAEZF) I>5-0E-3))
THEN DO;

205r 3 FINISHEDtGPND-EIROGUIDANCE.LOST 1; /sEXACT NUMBER IS 5,906E-3 x
106 3 CALL SOUND(GROUNDEXP;

2'? 3 END;

MISSILE DATA SAMPLE FOR POSSIE:ILE REPRISE

208 2 RESULTSD.)Sj DISTANCE;
20 2 RESULTS(I).S-Y =- OFF-H;

210 2 IF OFFLH *.12,7
THEN RESULTS(I).S-Y =-12,7;

21 2 IF OFFA ( 0. AND APS(OFFHV 12.7
THEN RESULTS(I).S-Y =12.7;

'14 2 RESULTS(I).5Z =Z
215 2 IF Z 15.0

THEN RESULTS(I).S-Z= 15.0;
217 2 IF Z 4 0. AND APS'Z') 5.00

THEY RESULTS;1.S-j -5.00;

219 2 RESULTSiIL.-GAEY=GAEYF;
220 2 RESULTS(I).SSAEZ:GAE&7 F;

221 2 END FLIGHT;

222 1 END TOW$FLIGHTSMODULE;

~ 81
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CROSS-REFERENCE LISTING

" DEFN ADDR SIZE NAME, ATTRIBUTES, AND REFERENCES

A ....... . BUILTIN 151 203 212 217

17 OOOOH 2 ArNT , INTEGER EXTERNAL(IO 87 88
- 45 OOOOH ACTIVETRACK PROCEDURE EXTERNAL(19) STACi(=OOOOH B4 115

9 000H 4 ALPHA ..... REAL 1 E122

198 OBDFH ANGLES . . . . LABEL
152 059EH AT-TARGET. , LABEL
9 0004P 4 BETA ....... REAL 123 125

" 4 AO14H I BIRD..DTROY. . . . BYTE AT ABSOLUTE 75 119
i AO16H I BIRD-HITS. . . . BYTE AT ABSOLUTE 102
4 AOI7H I BIRD-MISSES. . . . BYTE AT ABSOLUTE 102
16 O000 H 1 EY. . . .. .. BYTE EXTERNALi5) 71 2
16 O000 1 BZ .I .E BYTE EXTERNAL(6 67 68
37 OOOOH COACH. 4 , PROCEDURE EXTERNAL(16) STACK=OOOOH 146
8 O0EAH I COACHCOUNT. . . BYTE 82 143 144 147
A" 4 AOi15' I COACHON . . . . . BYTE AT ABSOLUTE 141

Z5 OOAEH 4 COEF., ,., REAL 177 178 190
25 00B2H 4 COEF2, , , REAL 178 190

- 20 O06CH 2 COUNT. . . . . . INTEGER PUBLIC 63 106 109 111 126 179 19?

".16 000H I CURRENTTRACI. BYTE EXTERNAL(9) 153
*]]. 24 OOA1H 4 OAMFH , , REAL 174 176 178 189

24 0OA6H 4 DAMP_V . .. , REAL 175 184
16 000 I DATARDYI. BYTE EXTERNAL(7) 74
17 Q00000V 2 ,w , IlE ER EXTMA11) 8?
9 00CH 4 DELTA, ..... REAL 12 124

27 OODEH 4 DELVZ....... REAL 184 185 188
21 007EH 4 DELX . . ... REAL 181 182
2 AOOAH 2 DISTANCE . . . . WORD AT ABSOLUTE 73 183 208
4 AO1DH I ENDREPRISE, . . . BYTE AT ABSOLUTE 78 103

26 OOCAW 4 ERR-COMPI. . REAL 189 194
*... 2 00C2$ 4 ERR COMF2, , REAL 190 194

26 0OC6H 4 ERRCOhF3. . . . REAL 193 194
28 OOEZH 4 EXPONENTIAL. . . . REAL 166 167 168 169 170 171
30 FACTOR . . . . . LITERALLY 176

13 OOECH 1 FINISHED . . . . o BYTE PUBLIC 102 128 159 205
- 47 O000H 1 FIRST-PASS . . . . BYTE PARAMETER 48
-. FIX........ BUILTIN 65 69 117 118 183

108 0375H 1955 FLIGHT . PROCEDURE PUBLIC STACK=0008H
"-FLOAT,.... BUILTIN 113 114 1.79 "

- . 22 0086H 4 FTIME. ... .. REAL 179 180
37 O000H 4 GAEH . . REAL PARAMETER 38

0. 37 O00OH 4 GAEV . . . . . . REAL PARAMETER 38
18 0000 2 GAEY . WORD EXTERNAL!12) 113

- 14 004AH 4 GAEY F . . REAL PUPLIC 96 113 120 137 146 190 191 199 20 219
18 O000H 2 GAEZ . , WORD EXTERNALk13) 114
14 004EH 4 GAE2J . . . . . . REAL PUBLIC 96 114 123 138 146 184 200 203 220
9 0008H 4 GAMMA.,. 4 . REAL 121 122 14
4 AOICH I GRNDPIRD, . . BYTE AT ABSOLUTE 102 128 162 205

-- 56 O00OH GROUNDED . . . . . PROCEDURE EXTERNAL(241) STACV:OOOOH 202
30 GROUND-EXP . . . . LITERALLY 129 163 206

-.,
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V77 OOEBH I GUIDANCE-LOST. . . BYTE PUBLIC 98 205
0 27 OOD6H 4 HANG .. . . REAL 95 118 199

16 0000H I HILLIMPACT. . . . BYTE EXTERNAL(S) 102

5 A021H I HITDISABLE, . . . BYTE AT ABSOLUTE 104
5 AO20H 1 HIT-KILL . . . . . BYTE AT ABSOLUTE 104

30 HIT-TARGET . . . . LITERALLY
14 0052H 4 HTARG, . . . . . REAL PUBLIC 121 139 190 191 196
58 OOCOH 290 HREPRISE, . PROCEDURE PUBLIC STACK=O004H
4 AO19H I HREPGO . . . . . BYTE AT ABSOLUTE 60 62 103
4 AOISH 1 HREP..RO . . BYTE AT ABSOLUTE 59 103

29 OOE6H 2 . .. .... INTEGER 63 65 69 73 105 110 208 209 211 213 214
216 218 219 210

32 OOOH INITB? ...... PROCEDURE EXTERNAL(14) STAC1=000OH 81
80 0IE2H 403 INITIATEVAF:. . , PROCEDURE PUBLIC STACK=000BH
31 INIT COACH COUNT LITERALLY 82 147
26 OOBAH 4 INTEGRALl. . . REAL 96 192 193

" 21 0076H 4 INTEGRAL". . . . . REAL 96 195 196
26 OOBEH 4 INTEGRANDI . . REAL 191 192
21 O07AH 4 INTEGRAND2 REAL 194 195
9 0010H 4 JERk: . . . . . . REAL 124 126

9 0014H 4 JERI, REAL 125 126
"' OOAAH 4 0OEF REAL 176 177 191
11 0048H 2 L. ,, INTEGER 91 92 132 133 134 135

IF OOOOH 4 LEFT . . . . . REAL EfTERNAL,31 97
LOW..... BUILTIN 68 72

21 06E i MAX RANGE. . . . REAL 100
14 0066H 4 MISSILEZ. REAL PUBLIC 95 187

3i OOOOH MGEREF', . . . . . PROCEDURE REAL EXTERNAL(15) STACKOOOOH 166 169 180
- 14 005AH 4 OFFH. . . . . . . REAL PUBLIC 95 189 191 196 199 209 210 212

23 0,Q2H 4 OMEGAH. . . . . . REAL 170 172 174
24 009AH 4 OMEGASOH . . . . REAL 172 176 177 193
24 O09EH 4 OMEGASOV . . . REAL 173 184
23 0096H 4 OMEGAV, ,. REAL 171 173 175
2- ' 2000H 14400 RESULTS. . . . . STRUCTURE ARRAY(800) AT AESOLUTE 65 69 73 208 209 211

213 214 216 218 219 220
15, OOOH 4 RIGHT. . . . . . REAL EXTERNAL(Z) 97
14 O056H 4 SHORT. . . .. . REAL PUBLIC 97 150 151

SIGNED . . . . . BUILTIN 113 114
40 V-00H SOUND.... . . PROCEDUFE EXTERNAL(1T) STACh:OOOOH 129 163 206
-: n,,,O I SPEECHHIT . . . . BYTE EXTERNAL(O) 101 160
12 OOOOH 1 SPEECHMISS. . , BYTE EYTERNALK1) 101
10 0028H 16 STOREGAE . . . . REAL ARRAY(4) 92 120 133 137
10 0038H 16 STOREGAEZ . . . REAL ARRAY(4i 92 123 134 138

a 10 0018H 16 STOREHTARG, . . REAL ARRAV(4) 92 121 135 139

26 0OB6H 4 SUMO....... REAL Qt
29 OOOAH 4 S-GAEY ...... REAL MEMBERRESULTS) 219
29 OOOEH 4 S-GAE1. I. . . . REAL MEME:ER(RESULTS) 220
29 OOOOH 2 .S_ ,.,, , WORD MEME:ERRESULTS, 73 208
29 0002H 4 SY., ,.... REAL MEMBER(RESULTS) 69 209 211 213
29 0006H 4 S_.... . . . REAL MEMEER(RESULTS, 65 214 216 218
43 OOOOH TARGET-DATA, . . PROCEDURE EXTERNALrl8 STACK=OOOOH 116

".. 3 AOODH I TAPGETSWITCH, . BYTE AT ABSOLUTE 83
19 006AH 2 TEMF ....... INTEGER 65 66 68 69 70 72

OOE9H I THPEESECFLAG BYTE PUBLIC 98 112 203
TIME . . . . . . BUILTIN 64 77

1 I OOCOH TOWFLIGHTMODULE. PROCEDURE STACK=OOOOH
50 O000H TRAC,_l .... PROCEDURE EXTERNAL(21) STACK=0000H 155

83
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52 0000H TRACK 24 1 4 .f PROCEDURE EXTERNAL(22) STACIf=OOO0H 156
" 54 0000 TRAC_3. . . . . PROCEDURE EXTERNAL(23) STACK=OOOOH 157

6 AOBIH 1 TURNED . . . BYTE AT ABSOLUTE 86

UNSIGN . . . . . BUILTIN 68 72 183

15 0000H 4 UP REAL EXTERNAL04 97
, 47 O000H UPDATE-COUNTS, . PROCEDURE EXTERNAL(20) STACK=OOOOH 85

27 OOHA 4 VANG..... REAL 95 117 200

S27 002H 4 VTARC.,.... REAL 95 200
21 007Z 4 VY . ... REAL 180 181 191
L20082H 4 VZ... . . .. REAL 90 184 185 186 18p

V 4 AO1BH I VREPGO . . . . . BYTE AT ABSOLUTE 103
4 AOIAH I VREP_RQ BYTE AT ABSOLUTE 103

'" 40 O000H I WAT-KIND. . . . BYTE FARAMETER 41
' 11 OOEBH I WIRE-BROKE . . . BYTE PUBLIC 94 128

14 00621H 4 X ..... REAL PUBLIC 95 150 166 169 182 183 184 100 1?1 1%
199 200

34 000H 4 X..... . REAL PARAMETER 35
260 CEH 4 XTARG ..... . REAL 99 150
4 A010H 2 YANGEIRD, . INTEGER AT ABSOLUTE 118

"U 14 005EH 4 Z ..... . REAL PUBLIC 95 184 186 187 200 Z14 215 217

4 A012H 2 ZANG-IRD. . . . INTEGER AT ABSOLUTE 117
22 O08AH 4 ZETAH . . . . REAL 167 174

I? OOBEH 4 ZETA-V . . .. REAL 162 175

MODULE INFORMATION: I-

CODE AREA SIZE = 06814 28400
CONSTANT AREA SIZE = O000H O
VARIABLE AREA SIZE = OOEDH 237D
MAXIMUM STACK SIZE = 0008H 8D.
382 LINES READ
0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION

-
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ISIS-Il F'L/M-86 V".1 COMPILATION OF MODULE TOW-JARGET-MODULE
OBECT 14ODULE PLACED IN ;F2,'TOWTAPOEJ
COMP'ILER INVOKED EI: PLM86 :F2?:TOWTAR.005 DEE:UG R:OM MEDIUM XREF IXREF WORKFILES(:F'2:9:F2:) DATEQ/13/'83.

1TOW-TARGET-NODULE: DO:

OrF-;OARD ABSOLUTE ADDRESSES

2 1 DECL*~'UK [IDHlTS. BIDMSEEYTE AT (0A016H);
3 1 DECLARE GPNO-PIRD Bt'TE AT (OAOiCH);
i1 1 DECLARE (STARTING-TRACk, TARGET..SWITCHt FINAL.TRACK) B:YTE AT (OAOOCH):

5 1 DECLARE (HIT-KILLtHIT-DISAPLE) BYTE AT (002OZHW;

/ux11xlzz zzzxhxx GLOB~AL VARIABLES BRIIIIIRIIS

1 DECLARFE (ISPEECH HIT, SPEECH-MI'-S EYTE EXTER.NAL;

DECLARE PORT-C LITERALLY 'OCCH'; !l 8255 PARALLEL PORT C '

i DECLARE FINISHED E:!TE ErrERNAL;

"It MOTOF COUJNT:. TCOUNTO IS INITIAL TARGET COUNT x!

1 DECLARE kTCNT9 AINT! DCNTy TCOUNTO) INTEGER PUBLIC;

10 1 DECLARE (F:IGHTrLEFTLIP REAL PUB:LIC;

11 1 DECLARE (HILL-IMPACT? CURRENT-TRACK) BYTE PUBLIC;

12 DECLARE (GAEZJ, X? 2, MISSILE-2y HTARGY OPFFH REAL EXTERNAL;

EXCLUSIVE VARIABLES u~zxzz~zzz,

/g ALPHA IS ROTATION OF TANK IN RADIANS!- DEPRESSION DEPTH IS
* DEPTH OF FRONT TANK IN METERS x

134 I DECLARE (AL!"HAEPRESSION-DEPTH) REAL;

1i 1 DECLARE (MISSILE-YPTARGET-Yy EFFECTIVETANK-LENGTH, EFFLHALF-TANK-LENGTH) REAL:

15 1 DECLARE (HILL-2, TARGET-2i BETA? MAGNITUDE, ANGLE) REAL;

16 1 DECLARE (TEMP, EFF HALF TANK HEIGHT, MISSILE-Y-RIMEr MISSILE-Z-RIME) REAL;

17 1 DECLARE I BYTE;

/I TABLE OF HILL SLOPE AND HEIGHT AS A FUNCTION OF TARGET COUNT .

Pl 1 DECLARE MODEL-COUNT(32) INTEGER DATA

1623,1761 ,189Qt20371,23325 J289227L 86

1385)
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-. I DECLARE HILL-SLOfE(321 REAL DATA
(0.O,,,171,0.,-2.1309!0,0,0698,0,13%,0.2182,02531,

0,2094,-0,0349,-0,182.-0,3491,,O785,1222tO 113l,

.0.2443,-0,2531,-0,0524,-0,0l75,0.0436,0.104
7,Ol920,

0.0785,0.,75,0o28800.1396,-0,1134,-0,3491,-0.2880,
-0.2268,.,);

20 1 DECLARE HILL-HEIGHT(32) REAL DATA

(0. ,0,2898,1,2318,0,9420,0.,0,0725,0,7971,2.1013'

3,8404,7.3909,8.,115,7,318,j5.2896,3.4781'3,47el
• ' 4,34V6,2,7679,1,5217,0,28?8,0,14

9?O,2l7 4 ,0,4

1l,9564,3,l158,3,8404, ,507.L,7538,6808?S,/24?

3,2607,1.1594,0.);

/I ALL DIMENSIONS IN METERS x/

21 1 DECLARE TANK-LENGTH LITERALLY '8.3'r

TANK-WIDTH LITERALLY '3,9',

TANK-HEIGHT LITERALLY '2.9',

-ILLBOX LITERALLY 'l.45',

HALFTANVHEIGHT LITERALLY '1,45',

LAUNCH-HEIGHT LITERALL0 '0,9144';

.,1' PARAMETERS FOP SOUND

SI DECLARE HIT TARGET LITERALLY 'V!,

GROUNJyP' LITEPALLY '';

/i TYPE OF HIT CONTROLS REPRISE COMMENT:

REGULAR =.'HIT'

HIT [ILL 'HIT KILL'

HIT DISABLE =' HIT DISABLE' x/

23 1 DECLARE REGULAR LITERALLY '0',

DISABLE LITERALLY '1',

KILL LITERALLY '2';

/IIIIIII::XIIXZUZI EXTERNAL PROCEDURES gziglgxuglZKVEKZIIKE/

/z 8087 PROCEDURES IN CEL8
7-LIB l!

24 1 vqerAT2: PROCEDURE (Y,X. REAL EXTERNAL;

25 2 DECLARE YPX REAL;

2 6 2 END .'qerAT2;
27 1 mqerCOS: PROCEDURE (THETA) REAL EXTERNAL;

. 28 2 DECLARE THETA REAL;

0 29 2 END aqerCOS;

30 1 sqerSIN: PROCEDURE (THETA) REAL EXTERNAL;

31 2 DECLARE THETA REAL;

32 2 END aqerSIN;

33 iogerY2X: PROCEDURE (YX) REAL EXTERNAL;

34 2 DECLARE ,fX) REAL;

3 35 2 END oqerY2X;

36 : SOUND: PROCEDURE (WHATKIND) EXTERNAL;

37 7 DECLARE WHAT-(IND BYTE;

38 END SOUND;
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*@ !3z~3131131111111 MODULE PROCEDURES IIzlxJRKxuhnu,'

. /z RECEIVE GETS A BYTE FROM THE UPI-41 MOTOR CONTROLLER x/

39 1 RECEIVE: PROCEDURE BYTE PUBLIC;
40 2 DECLARE STATUS BYTE AT (OFOOOH), INDATA BYTE AT (OF002H.;
41 2 DO WHILE STATUS; /I WAIT UNTIL OBF = I I/

42 3 END;
" 43 2 RETURN NOTiINDATA); /I MULTIE:US INVERTS v,

i 4 2 END RECEIYE:

' SEND OUTPUTS A BYTE TO THE UPI-41 MOTOR CONTROLLEP ';

45 ! SEND: PROCEDURE ,DUTDATA PUBLIC:
46 DECLARE OUTDATA BITE F STATCOM BYTE AT (OFOOOH),

P DATA BYTE AT (OFOO2H);
47 DO WHILE NOT SHR(STATCOMI ; /I WAIT UNTIL UPIlI IBF o 0i

48 3 END;

40 2 PDATA = NOT OUTDATA; it MULTIBUS INVERTS I/
50 7 END SEND;

' GET_COUNT OBTAINS A SPECIFIED MOTOF"S AE:SOLUTE POSITION FROM
THE UFI-41: I

51 GET-COUNT: PROCEDURE (MOTORNUME:EP INTEGER'
. 5 DECLARE MOTOFNUMEE EYTE:

5 DECLARE (LSB,MSE EiTE;
I4 2 DECLAFE COUNT INTEGEF AT (@LSE);
-j CALL SEND('C'); 11 U'I-41 PROMPT FOR SENDIN /

* 56 MSB = RECEIVE; ' TARGET COUNT TO 86/12 l/
57 2 LS& = RECEIVE;
52 2 RETURN COUNT:

S5 7 END GET-COUNT;

'a UPDATECOUNTS UPDATES THE MOTOR COUNTS ON THE CURRENT TRACI:,
WHEN FIRST PASS IS SET? THE TCNT ON THE STARTING TRACV IS
RECORDEE IN TCOUNTO, THIS IS DONE FROM INITIATE VARIABLES.
FOP ALL OTHEF CALLS. FIRST_PASS IS RESET. AN[! THE CURRENT

TRACK'S MOTOR COUNTS ARE UPDATED. l/

n60 I UPDATECOUNTS: PROCEDURE (FIRSTPASS) PUBLIC;

. 61 2 DECLARE FIRSTPASS BYTE;
62 2 DO CASE (CURRENT-TRACK AND 03H);
63 3

- 64 3 DO;
65 4 IF FIRST-PASS 1

THEN TCOUNTO GET-COUNT(I);

"'. L ELSE TCNT = GET-COUNT(!);

[ DO;

.- I IF FI ST_FPASS I

THEN TCOUNT' = GET-COUNT(2);
,, 4 ELSE TCNT = GET-COUNT');
' 4 EN":
;4 3 DO;

- 4 Ir  FIRST FAS I
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THEN TCOUNTO GET-COUNT*;
77 4ELSE TENT = GETMUNT 3)

78 4 END:
79 3 END;
80 2 END UPDATE-COUNTS;

81 1 TARGET-DATA: PROCEDUR:E PUELIC;

~FIRPT. GET HTARC FOR PLIGHT, THEN GET TARGET_ IN CASE TANI
IS ON TFACV 3. 74r4 --[T PE-FECTIVE TANK LENGTHS AND HEIGHTS.
THEN GET HILL SLOFE AN[ m.l 2 IN CASE TANK IS Oil TRACE A
IN ANY CASE! GET TARGET L O GROUNDED PROCEDURE. 1

82 CALL UPDAT COUNTS(C;,
82 2HTARG =1.694E-5 I FLOATkTCOT - TCOUNT0i; /I 1.604E-5 RAD/COLINT x;
84 2 ARGEL-Y =0.052V7 I FLOAT(TCNT); /I 0.O5247 METERS/COUNT 1

85 2ALPHA =FLOAT(ACNT)II15.278875; /I 15.278875 COUNTSIRAD . I/
86 2 IF DCNT '.200

THEN DEPRESSION-DEPTH =TANI-_,HEIGHT I FLOAT(550 - DCNT'2350.: /z 350 COUNTS IN A TANL-HEIGHT
88 2 ELSE DEPRESSION. DEPTH =TANK-HEIGHT; /Iz TANI' IS HIDDEN 'i

iCORRECT GUINNER AIMING ERROR. Z ON TRACK it NOTE OCNT 550 ON ALL OTHER TRACKSR/

89 Z GAEU_ GAEZ-F TAMV HEIrqT rL3AT r5-(CNT'./!,CSC'E6,;
-2 ~EFFECTI'EANK-LENGTH TANI L'iHj AES~uqrO(LH\

TANWIETH I AESttqerSIN,,ALPHAll
31 EFF..HALF TANI.LEN.TH EFFECTIkVEANK-LENCTH/2.o0

92 2EFF-HALF-TANK-HEIGHT VTANKHEIGHT - DEPRESSIONDEPTW2.0O

93 2IF CURRENT RACK(=

THEN HILL-DATA: DO;

/1171111111 GET HILL SLOPE AND HILL Z AT TARGET zzzuzzzzurruz.

fGET ENTPRI JUST B4EYOND TARGET Yi

95 3 1 0;
96 3 DO WHILE TENT = MODEL COUNT(I);

*98 4 END;

/I IF OUT OF TABLEY THEN EVERYTHING IS ZERO s/

99 3 IF (I =0)OR (1 32)
THEN &ETAr kILLZ 01;

*/I IF IN TAB~LE, INTERP'OLATE i!

101 3 ELSE DO;
10 2 4 BETA =HILL4CrE 1; FL- ,VECOUNTI - TCNT 139.i

(HILL>SLOFPE(I) - HILKSLOF1: ;
MO 4 HILL-Z HILL HEIGH,I FLOAT.IODELCOUNTPI - TCNT1,135'l
S(HILL-HEIGHT(I) -HILLKHEIGHT:1-1''

104 4 END;

* t{ 3 END HILL-DATA;
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106 2 DO CASE (CURRENT-TRACK AND 03H);
107 3
108 3 TARGETZ = HALFTANK.HEIGHT - DEPRESSION-DEPTH;
109 3 TARGETZ = HILL.Z + 4ALF.TAMCHEIGHT;
110 3 TARGETJ = HALF.TANK.EIGHT;
111 3 END;

112 2 END TARGET-DATA;

113 1 ACTIVE-TRACK: PROCEDURE PUBLIC;
114 2 IF TARGET.SWITCH 0

THEN CURRENT-TRACK = STARTING-TRACK;
116 2 ELSE CURRENTTRACK = FINAL-TRACK;
117 2 END ACTIVE-TRACK;

118 1 HIT: PROCEDURE(TYPE);
119 2 DECLARE TYPE BYTE;
120 2 CALL SOUND(HITTARGET);
121 2 SPEECH-HIT = 1;
122 2 BIRD.HISSESSPEECHMISS= 0;

* 123 2 FINISHED = 1;
. 124 2 DO CASE TYPE;

125 3 BIRD-HITS = 1;
12 3 HITDISAPLE= 1;
12 3 HIT-KILL : 1;
128 3
12" 3 END;
130 2 END HIT;
131 1 HILL: PROCEDURE;
132 2 BIRD.NISSESSPEECHMISSHILLIMPACT = 1;
133 2 END HILL;

' 134 1 GROUNDED: PROCEDURE PUBLIC;
135 2 DECLARE HEIGHT REAL;
136 2 HEIGHT = ((TARGETZ - LAUNCHEIGHT)s X / 3000) + LAUNCH-HEIGHT;
137 2 IF (HEIGHT + Z) <= 0.

THEN DO;
13 3 FINISHED, CRNDBIRD = 1i
140 3 CALL SOUND(GROUNDEXP);
141 3 END;
142 2 END GROUNDED;

/I LEVEL DETERMINES HIT OR MISS FOR TARGET ON LEVEL TERRAIN, I/

143 1 LEVEL: PROCEDURE (NIISSUMISS);
144 2 DECLARE (HIISSVMISS) REAL;

145 2 IF ABS(VMISS) < EFF.HALF.TANK'HEIGHT AND
ABS(HMISS) ! EFFHALF.TANKLENGTH

THEN DO;
o7 3 IF ABS(HMISS)( KILL.BOX THEN CALL HIT(KILL);
. o 3 ELSE CALL HIT(DISABLE.);
'50 3 END;
151 2 ELSE FLY-PAST: DO;

152 3 BIRDH!SSESSPEECH.MISS z 1;

1i3 3 IF HMISS EFFHALF.TANWLENGTH

89
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m,,o.

THEN LEFT = HNISS - EFFHALF.TAN-LENGTH;

155 3 IF HMISS 0. AND ABS(HMISS) ' EFFHALFTANKLENGTH
THEN RIGHT = HNISS + EFFHALFTANKLENGTH;

157 3 IF VNISS > EFFHALF-TANKHEIGHT

THEN UP VMISS - EFFHALFTANHEIGHT;
159 3 IF VNISS 0, AND ABS(VMISS) EFFHALF-TANHEIGHT

THEN CALL HILL;
161 3 END FLY-PAST;
162 2 END LEVEL;

I FALLING SLOPE DETERMINES HIT OR MISS FOR TARGET PARTIALLY
OBSCURED BY A HILL WITH SLOPE FALLING FROM RIGHT TO LEFT 1!

163 1 FALLING-SLOPE: PROCEDURE (SLOPE, INTERCEPT);
164 2 DECLARE (SLOPE, INTERCEPT) REAL;
165 2 DECLARE (HILLY, LEFT.TANIEDGE, RIGHTTANKEDGE) REAL;
166 2 HILLY = (MISSILE.Z - INTERCEPT)/SLOPE;
167 2 LEFTTAN&(EDGE TARGETY + EFF.HALF.TANKLENGTH;
168 2 RIGHTTANK-EDGE TARGET Y - EFF-HALFTAN.LENGTH;
169 2 IF (MISSILEZ > 0,) AND (MISSILEI ( TANK-HEIGHT) AND

(MISSILE.Y e LEFT.TANKEDGE AND MISSILEY > HILLY) AND
(MISSILE.Y > RIGHTTANKEDGE)

*THEN CALL HIT(REGULAR);
171 2 ELSE MISS: DO;
172 3 BIRDMISSES,SPEECHMISE = 1;
173 3 IF MISSILEY) HILLY

THEN CALL HILL:
'P175 3 ELSE FLY-PAST: DO;

176 1 IF tISSILE-Y ) LEFT-TANK'EDGE
THEN LEFT mMISSILE-Y - LEFL-TANK-EDGE;

178 1 IF MISSILE-Y < RICHT-TANK.EDCE
THEN RIGHT =RIGHT-ANK-EDCE - MIsSILEJ;

160 4 IF ISSILE-Z > TANK-HEIGHT
THEN UP = ISSILE.Z - TANHEIGHT;

182 4 END FLY-PAST;
183 3 END MISS;
184 2 END FALLING-SLOPE;

!z RISING SLOPE DETERMINES HIT OR MISS FOR TARGET PARTIALLY
OBSCURED BY A HILL WITH SLOPE RISING FROM RIGHT TO LEFT. v!

185 1 RISING.SLOPE: PROCEDURE (SLOPE, INTERCEPT);

186 2 DECLARE (SLOPE, INTERCEPT) REAL;
187 2 DECLARE (HILLY, RIGHTTANWEDGE, LEFT.TAN.EDGE) REAL;
188 2 HILL.Y = (MISSILEZ - INTERCEPT)/SLOPE;
189 2 RIGHT.TANK.EDGE TARGETY - EFFHALF.TANK.LENGTH;
190 2 LEFT.TAKEDGE TARGET.Y + EFF.HALFTANKLENGTH;
191 2 IF (MISSILE.Z 0.) AND (MISSILE.Z < TANK-HEIGHT) AND

(MISSILEY ) RIGHTTANK.EDGE AND ISSILE.Y < HILL.Y) AND
(MISSILEY < LEFT.TANKEDCE)

THEN CALL HIT(REGULAR);

193 2 ELSE MISS: DO;
194 2 BIRDMISSESSPEECHMISS 1;
195 3 IF MISSILE.Y > HILL.Y

THEN CALL HILL;
197 3 ELSE FLY-PAST: DO;
198 4 IF MISSILE.Y RIGHT.TANK.EDGE

.:-
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THEN RIGHT =RIGHT-JANK.EDGE - MISSILE-Y.
200 4 IF MISSILE-Y > LEFTTAWEDGE

THEN LEFT =MISSILE-Y - LEFT-TANK-EDGE;
202 4 IF MISSILLZ > TAW-HEIGHT

. THEN UP = ISSILE.Z - TAW-HEIGHT;
204 4 END FLY-PAST;
205 3 END MISS;
206 2 END RISING.SLOPE;

/I TRACK I ADJUSTS MISSILE Z FOR POSSIBLE DEPRESSION AND CALLS
LEVEL TO DETERMIIE HIT OR ISS z/

- - 207 1 TRACK_I: PROCEDURE PUBLIC;
208 2 TEMP a MISSILE.Z - DEPRESSIONDEPTH - EFF.HALFT AN.EIGHT;
209 2 CALL LEUEL(OFF.Hp TEMP);
210 2 END TRACK1;

/I TRACK 2 ROTATES OFF.H ANO Z INTO COORDINATE SYSTEM CENTERED
ON THE TARGET AND PARALLEL TO THE SLOPE OF THE HILL, THE
MISSILE COORDINATES IN THIS SYSTEM ARE THEN USED TO CALL LEVEL z/

il 1 TRACK.2: PROCEDURE PUBLIC;

112 2 MAGNITUDE = mqerYZX((mqerYX(OFFH,2.0) * mqerY2X(Z,2.O)),0.5);
"*' 213 2 ANGLE z ,qerAT2(OFFHZ);

214 2 HISSILEYPRIME = MAGNITUDE e erSIN(ANGLE + BETA);
215 2 MISSILEZPRIME M MAGNITUDE m iqerCOS(ANGLE + BETA);

/11119z WITH NEW COORDINATES, CALL LEVEL FOR HIT OR MISS uzil/

216 2 CALL LEVEL(MISSILE.YPRIE, MISSILE-ZPRIE);

217 2 END TRACK-';

/x TRACK 3 IS BROKEN UP INTO REGIONS OF LEVEL TERRAIN, FALLING

SLOPE OBSCURING TANK, RISING SLOPE OBSCURING TANK9 AND TOTALLY
AND TOTALLY OBSCURED. TCNT IS USED TO PLACE THE TARGET IN THE
CORRECT REGION, AND THEN THE APPROPRIATE PROCEDURE IS CALLED. S/

218 1 TRACK.3: PROCEDURE PUBLIC;

/z BREAKPOINTS OF REGIONS I/

'219 2 DECLARE Y.A LITERALLY '52,5Z'9
Y.B LITERALLY '65.22't
Y.C LITERALLY '120.00',
Y.O LITERALLY '141#70',

YE LITERALLY '165o30'p
Y.F LITERALLY '190.70'
Y.G LITERALLY '222,80'p
Y.H LITERALLY '233,20';

/s PARAMETERS OF HILL IN FALLING AND RISING SLOPE REGIONS N/

720 2 DECLARE ..SLOPE LITERALLY '0.2105',
8.INCPT LITERALLY '-11.06'p
,_S',)PE LITERALLY '-0.1323',

91
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D-.IMCPT LITERALLY i18.75'9
F-SLOFE LITERALLY '0#1705'p

*F-INCPT LITERALLY '-28.17'r
H..SLOPE LITERALLY '-0,2416't

*H-INCPT LITERALLY '56.36';

I'TANK IS LOCATED IN CORRECT REGION. AND APPROPRIATE RULES 4

4' OF HIT OR MISS APPLIED I/

2121 2 NISSILE-Y = TARCET-Y + OFFH;
222 2 IF TARCET..N < (Y..A - EFFECTIVE..TANK-LENGTH)

THEN CALL LEVEL(OFF-Hp V;
224 2 ELSE IF TARCET..Y < Y-

THEN CALL RISINC-SLOPE(B-SLOPEB-INCPT);
Z26 2 ELSEIF TARETSY (Y-C

THEN CALL HILL;
228 z ELSE IF TMGET-.Y < (Y..D 4 EFFECTIVE-AW.LENGTH)

4' THEN CALL FALLIN-SLOPE(DSLOPEPD-IMCPT);
230 2 ELSE IF TARCET-Y < (Y-E - EFFECTIVE..TANK..LENGTH)

A. THEN CALL LEVEL(OFFH.Z);
232 2 ELSE IF TARCET.Y < Y-F

THEN CALL RISINL-SLOPE(F-SLOPEtF-INCPT);
234 2 ELSE IF TARGETY(<Y-C

THEN CALL HILL: p

236 2 ELSE IF TMCGET.Y < (Y..H + EFFECTIYE..TANK-LENCTH)
THEN CALL FALLIN-SLOP(H-SLOPErH-INCPT);

238 2 ELSE CALL LEVEL(OFKHZ);
Z39 END1 TRAC-3;

240 1 END TON.TARET-NODULE;
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CROSS-REFERENCE LISTING

DEN ADDR SIZE NAMEP ATTRIBUTES, AND REFERENCES

ABS, o , o s # o * * BUILTIN 90 145 147 155 159
9 0002H 2 ACNT, , s o i s INTEGER PUBLIC 85

113 O4FEH 46 ACTIVE.TRACK , , PROCEDURE PUBLIC STACK=OOOZH
13 0014H 4 ALPHA, o o.s.o. REAL 85 90
15 003C4H 4 ANGLE,# ,° o # REAL 213 214 215
15 0031 4 BETA,, .,., , REAL 100 102 214 215
2 A016H 1 BIRD-NITS, . . . . . BYTE AT ABSOLUTE 125
2 AO17H 1 BIRD-HISSES. . . . . . BYTE AT ABSOLUTE 122 132 152 172 194

220 B.INCPT, .* * * o LITERALLY 225
220 B.SLOPE, o o * , s a o LITERALLY 225
54 006FH 2 COUNT .. . , , INTEGER AT 58
11 006DH I CURRENT-TRACK, . . . BYTE PUBLIC 62 93 106 115 116
9 0004H 2 DNT o o ..... INTEGER PUBLIC 86 87 89

13 0018H 4 DEPRESSION-DEPTH , , REAL 87 89 92 108 208 P
23 DISABLE_ . . * , LITERALLY 149

220 D.INCPT. .. * . . # s LITERALLY 229
220 DSLOPE, .. .. . LITERALLY 229
14 0024H 4 EFFECTIVE.TANKLENGTH. REAL 90 91 222 228 230 236
16 0044H 4 EFT.HALFTANKHEIGHT . REAL 92 145 157 158 159 208
14 0028H 4 EFF.HALFTANKLENGTH o REAL 91 145 153 154 155 156 167 168 199 190

163 0750H 390 FALLINGSLOPE. , , , PROCEDURE STACK=0020H 229 237
4 AOOEH 1 FINAL-TRACK. . . . . BYTE AT ABSOLUTE 116
B 00014 1 FINISHED. , . BYTE EXTERNAL(2) 123 139

60 0006H 1 FIRST-PASS # , . BYTE PARAMETER AUTOI ATIC 61 65 70 75
FLOAT. #.. ... * BUILTIN 83 84 85 87 89 102 103

151 067AN FLI.PAS 1 . f # LABEL
175 0851H FLY-PAST . . . . . # . LABEL
197 09CDH FLY-PAST LABEL
220 F.INCPT, # s # # o s i LITERALLY 233
220 FSLOPEP , o a o i v @ LITERALLY 233
12 OOOOH 4 GAEZ.F # o s i # s i @ REAL EXTERNAL(3) 89
51 0235H 37 GET-COUNT, PROCEDURE INTEGER STACK=OOOCH 66 67 71 72 76 77
3 AOICH 1 GRND-BIRD, , , , BYTE AT ABSOLUTE 139

134 OSASH 92 GROUNDED , , , , PROCEDURE PUBLIC STACK=OOOAH
22 GROUND.EXP , , , LITERALLY 140
21 HALF.TANK.HEIGHT , LITERALLY 109 109 110

135 005O 4 HEIGHT ,,, , REAL 136 137
131 OMGEN 23 HILL, ,, ,, PROCEDURE STACK--OOO2H 160 174 19 227 235

94 ,3EAH HILLDOATA,, soo LABEL
20 OOC 129 HILL-HEIGHT. . . . , . REAL ARRAY(32) DATA 103
11 O06CH 1 HIL.INPACT. . ., , BYTE PUBLIC 132
1 O04.H 128 HILL.SLOPE , . REAL ARRAY(32) DATA 102
165 0054H 4 HILLY, °ss , REAL 166 169 173
187 0060H 4 HILL.Y , REAL 188 191 195
15 O02CH 4 HILLZ, , , REAL 100 103 109

118 052CH 98 HIT . . . . ... . . s PROCEDURE STACK=OOOAH 148 149 170 192
5 A021H 1 HIT-DISABLE., . . . BYTE AT ABSOLUTE 126
5 AO20H I HIT-KILL . . . .. . BYTE AT ABSOLUTE 127

22 MITTARGET . . . LITERALLY 120
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113 FFFCH 4 HMISS, , REAL PARAMETER AUTOMATIC 111 145 147 153 154 155 15t
12 0000" 4 HTARG, , * . # REAL EXTERNAL(7) 83
220 HINCPT, # 1 . 1 . o LITERALLY 237
220 H.SLOPE, o o s & o o o LITERALLY 237

17 006EH 1 I .... BYTE 95 96 97 99 102 103
40 FOO2H 1 INATA , o . BYTE AT ABSOLUTE 43
185 FFFBH 4 INTERCEPT. . . . .4 . REAL PARAMETER AUTOMATIC 186 189

. 163 FFF6H 4 INTERCEPT, . . . . . . REAL PARAMETER AUTOMATIC 164 166
23 KILL ,* * LITERALLY 148
21 KILL-BOX . . . . . . . LITERALLY 147
21 LAUNCHHEIGHT. . . . . LITERALLY 136
10 OOOCH 4 LEFT ..... REAL PUBLIC 154 177 201
165 005BH 4 LEFTTANKEDGE . . REAL 167 169 176 177
187 00681H 4 LEFTTANKEDGE . . . . REAL 190 191 200 201
143 0601H 335 LEVEL. . . . . . . . . PROCEDURE STACK=OOICH 209 216 223 231 238
53 O06FH 1 LSB . ... . BYTE 54 57
15 003814 4 MAGNITUDE. . . . . . . REAL 212 214 215

193 09AOH MISS . ... . LABEL
171 024H KISS . .... LABEL
14 001CH 4 MISSILEY, . .. . . REAL 169 173 176 177 178 179 191 195 198 199 20 2Cll

221
16 0048H 4 MISSILEYPRIME. . REAL 214 216
12 OOOOH 4 MISSILEZ ... REAL EXTERNAL(6' 166 169 180 181 188 191 202 203 209
16 004CH 4 MISSILE_._PF:IME, REAL 215 216
18 000OH 64 MODEL-COUNT. . . . . . INTEGER ARRA(32) DATA 96 102 103

-. -"51 0001H 1 MOTOFNUABER . . . . . BYTE PARAMETER AUTOMATIC 52
S240000 MGEPAT2, PROCEDURE REAL EXTERNAL(9) STACK=OOOOH 213

- 27 OOOOH MOERCOS. PROCEDURE REAL EXTERNAL(0) STACK=OOOOH 90 215
30 ooooH ,GERSIN. . . . . . . . PROCEDURE REAL EXTERNAL(11) STACK=0000 90 214
33 0000H MERY2X. . . . . . PROCEDURE REAL EXTERNAL(12) STACK=OOOOH 212
53 0070H I SB*.. BYTE 56
12 000H 4 OFF-No # s o s # o * REAL EXTERNAL(8) 209 212 213 221 223 231 238
45 0006H 1 OUTDATA. . .o o , . BYTE PARAMETER AUTOMATIC 46 49
7 PORTC s. LITERALLY

46 FOO2H I P.DATA . o . o * i p * BYTE AT ABSOLUTE 49
39 OlE8H 33 RECEIVE. 4 . . . . . . PROCEDURE BYTE PUBLIC STACK=0002H 56 57
23 REGULAR. . . . . . . LITERALLY 170 192
10 0008H 4 RIGHT, . ,, REAL PUBLIC 156 179 199

187 0064H 4 RIGHT.TANEDGE , . , REAL 189 191 198 199
165 005CH 4 RIGHTTA(_EDGE, . REAL 168 169 178 17?
185 O8CCH 380 RISING-SLOPE . . . . . PROCEDURE STACK=0020H 2.25 233
45 020914 44 SEND . . . . PROCEDURE PUBLIC STACK=0004H 55

SHR * ... .. BUILTIN 47:
185 FFFCH 4 SLOPE, . # o i o *. REAL PARAMETER AUTOMATIC 186 188
163 FFFCH 4 SLOPE, # . # REAL PARAMETER AUTOMATIC 164 166
36 000H SOUND, * s s o # 4 PROCEDURE EXTERNAL(13) STACK=OOOOH 120 140
6 000H 1 SPEECH-HIT . . . . i BYTE EXTERNAL(O) 121
6 O0004 I SPEECH.MISS, . . .. BYTE EXTERNAL(l) 122 132 152 172 194
4 AOOCH I STARTING-TRACK . . . . BYTE AT ABSOLUTE 115
40 FOOOH I STATUS. .., .. BYTE AT ABSOLUTE 41
46 FOOOH I STAT.COM . . . . . . BYTE AT ABSOLUTE 47

'V 21 TANKEIGHT. . . . . LITERALLY 87 88 89 92 169 180 181 191 202 203

21 TANK-LENGTH, . . . . LITERALLY 90
21 TANK.IDTH . . . . . . LITERALLf 90
81 02E5H 537 TARGET-DATA. . . . . . PROCEDURE PUBLIC STACK=0018H
4 AOOOH 1 TARGETSWITCH. . . . BYTE A7 ABSOLUTE 114

14 0020 4 TARGETY . . .. . .. REAL 84 167 168 189 190 221 222 224 226 228 230 232
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234 236
15 0030H 4 TARGETZZ ....... REAL 108 109 110 136
9 0000H 2 TCNT , , , INTEGER PUBLIC 67 72 77 83 8 4 96 102 103
90006 2 TCOUNTO . ,. INTEGER PUBLIC 66 71 76 83

16 0040H 4 TEMP * o o REAL 208 209
30 0000H 4 THETA# s s # REAL PARAMETER 31
27 OOOOH 4 THETA# o o a REAL PARAMETER 29
1 OIEOH TON.TARGET.NODULE, . . PROCEDURE STACK=00004H

207 OA48H 39 TRACK.I .t, , a PROCEDURE PUBLIC STACK-OO20H
211 O NFH 143 TRACK.2. , , . o , PROCEDURE PUBLIC STACK=O20H .
219 OFEH 402 TRACK_3. ., , PROCEDURE PUBLIC STACKsOO26H
118 0004H 1 TYPE .... . BYTE PARAMETER AUTOMATIC 119 124

10 0010H 4 UP .. ... , REAL PUBLIC 158 191 203
60 025AH 139 UPIDATECOUNTS° * PROCEDURE PUBLIC STACKsOO12H 82
143 FFFOH i WISS ., , , REAL PARAMETER AUTOMATIC 144 145 157 156 159

- 36 OOOH I HHAT.KIND , , s BYTE PARAMETER 37
24 0000H 4 X *. s REAL PARAMETER 25
120 00OH 4 X, .# , . REAL EXTERNAL(4) 136
33 OOOOH 4 X.s. , REAL PARA ETER 34
24000014# Y..,* s REAL PARMETER 25
33000014 4 Ye s.... * o..a REAL PARAMIETER 34

219 Y.A. LITERALLY 222
21? Y.B o, i LITERALLY 224
219 Y C s . .. , LITERALLY 226
21 , a * LITERALLY 228
219 YE, @ s LITERALLY 230
-!9 Y.F, .t ..o , LITERALLY 232
219 Y.G, , s s t s LITERALLY 234
219 Y.H, oo so i, LITERALLY 236

12 O000H 4 Z, s s s s s. s v REALEXTERWL(5) 137 212 213 223 231 23e

NODULE rNFORMATION'

CODE AREA SIZE c 0C90H 32160
CONSTANT AREA SIZE x 000H 0
VARIABLE A SIZE a 0071H 113D
MAXIMIU STACK SIZE - 002614 380
423 LINES READ

S0 PROGRAM ERROR(S)

END OF PL/4-86 COMPILATION
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ISIS-II PL/N'-86 V2,1 COMPILATION OF MODULE TOWSPEECH-MOULE
OBJECT NODULE PLACED IN :F2:TOWSPC.OBJ
COPII.ER INVOKED BY: PLiI6 :F2:TOWSPC.010 DEBUG ROM MEDIUM XREF IXREF WORtFILES(:F2:,:FZ:) DATE(1/17/93)
1 TOWSPEECH.MODULE: DO;

11u1u1111zznx9mu2 DECLARE ABSOLUTE ADDRESSES u1uuzNxzuxxxhx/

I 1 DECLARE DAY-SIGHT BYTE AT (OAOOTH)p CONTINUE BYTE AT (OAO1FH),
EAST-WEST BYTE AT (OAOOFH), STARTING.TRACK BYTE AT (OAOOCH);

3 1 DECLARE (HHISASCII,VMISASCII,XMISASCII) (22) BYTE AT (OAOZ2H);

/I11,IUI33313ZI333 DECLARE GLOBAL VARIABLES xx uuxxxuuzx/

4 1 DECLARE (CUIDANCE.LOSTHILL-INPACTP IIIRE..BROKE) BYTE EXTERNAL;

5 1 DECLARE (RIGHTLEFTUPSHORT) REAL EXTERNAL;

/zzzxzxxzxxxxxxx DECLARE EXCLUSIVE VARIABLES uzxzzzzzxzuzxzz/

6 1 DECLARE ALREADYOUT BYTE; I FLAG USED BY COACHING X/

7 1 DECLARE (SPEECHHIT, SPEECH-MISS) BYTE PUBLIC;

8 1 DECLARE I WORD, K BYTE;

9 1 DECLARE PORTB LITERALLY 'OCAH', PORTC LITERALLY 'OCCH';

iz FIRE SIGNAL FROM DIGITALKER BOARD z/

10 1 DECLARE DONTFIRE LITERALLY 'SHR(INPUT(PRTB),1)';

- "' /I GAE LIMITS WHICH CAUSE COACHING WHEN EXCEEDED i!

11 1 DECLARE GAEH.LIMIT LITERALLY '60.OE-6', GAEV-LIMIT LITERALLY '15,.OE-6';

/3113331xx3131Z11323 DECLARE WORD CODES zhuxzz ux xz/

/I VOICE SUBSYSTEM REQUIRES A SEQUENCE OF THREE BYTES TO
SPECIFY THE WORD OR PAUSE TO BE SPOKEN. THE FORMAT IS
WORD PAGE NUMBER, WORD ADDRESS ON PAGE, VOLUME OF WORD I/

e: 12 1 DECLARE USE LITERALLY '02H,04H,02H',
DAY LITERALLY '02H02N?02H'p
NIGHT LITERALLY '02H,OBHP02H'p
SIGHT LITERALLY '02Hi1HO2H'v
SQUAD LITERALLY '02HIBH,03H'p
TANK LITERALLY 'O2H,OOH,03H'p

EAST LITERALLY 'O2H,OBH,02H'v
WEST LITERALLY '02HOCH,02H',
THREE LITERALLY '00H,O3HO2H',
THOUSAND LITERALLY '00Ht1DH,02H',
METER LITERALLY 'O0H,6AHOH't

SS LITERALL' 'OOH,81HOH',
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AT- LITERALLY '02H,05H,O2H',
NY LITERALLY '02H,15H,O2H',
COMMIAND LITERALLY '02HO3H,O2H',
FIRE LITERALLY 'OZHO6HO3H',

RFIRE-STUPID LITERALLY '02HtO6HO3H't
ABORT LITERALLY '01HvOONOZH't
CASE LITERALLY '02HPOEH902H'p
TRACKING LITERALLY 'OZHtIOH,02H't
HIT LITERALLY °OZHl3N,02H',
HISS LITERALLY 'OZHt2H ' 2H,
RI GHT_ LITERALLY 'OHr80H,02H't
LEFT- LITERALLY '0OH,63H,02H',
HIGH- LITERALLY '00Ht.5BH2H't
LOW- LITERALLY 'OOfN67HiO2H'f
POINT LITERALLY 'OOH,7AH,O2H'p
FROM LITERALLY 'OIH,3IH,OZH'
TARGET LITERALLY 'O2HI1H,02H'v

. *HUNRED LITERALLY '00HtCN,102H',
ON LITERALLY 'OOH73HP02H'p
CORRECT LITERALLY 'O1Hl6HP02H'i
VERY-.SHOPTPAUSE LITERALLY '00HP3HPOOH',
SHORT-PAUSE LITERALLY 'OO44HPOOH',
MEDIUM-PAUSE LITERALLY 'OOHr45HOOH't
LONG-PAUSE LITERALLY '00H6H,OOH';
VERY"'LONGPAUSE LITERALLY 'OOH17H,00H'

,3Z353IZ3x3ZKxuZI3IEK DECLARE PHRASES zzzuzxuzzzzzz/

/z PHRASES ARE STORED IN RON AS CONSTANT STRINGS OF THE
WORD CODES DEFINED ABOVE x/

13 1 DECLARE PHRASE-I (z) BYTE DATA
(USE, VERY.SHORTPAUSEDAYVERYSHORTPAUSESIGHT);

14 1 DECLARE PHRASE_2 (U) BYTE DATA
(USEVERY.SHORTPAUSENIGHTVERYSHORTPAUSESIGHT);

15 1 DECLARE PHRASE_3 (1) BYTE DATA
(SOUADPVERY.LONG.PAUSE TANK , NEDIUIPASE);

16 1 DECLARE PHRASE_4 (1) BYTE DATA
(EASTYNEDIUMPAUSE);

17 1 DECLARE PHRASE.5 (z) BYTE DATA
(WEST, EDIUM.PAUSE);

19 1 DECLARE PHRASE_6 (1) BYTE DATA
(THREE, VERYSHORT.PAUSE, THOUSAND ORT.PAUSENETER SS);

19 1 DECLARE PHRASE_7 (1) BYTE DATA
(AT_,VERYSHORT.PAUSEhY, VERY.SHORT PAUSE CONNm);

20 1 DECLARE PHRASE_8 (3) BYTE DATA
(CEASESHORT.PYASETRADWNG);

'V 21 1 DECLARE PHRASE_9 (1) BYTE DATA
(HIT);

22 1 DECLARE PHRASE-1O (1) FYTE DATA
(NISSVERY.LONGPAUSE);

23 1 DECLARE PHRASE-11 (3) BYTE DATA
(HIGH, VERY.LONGPAUSE);

- 21 1 DECLARE PHRASE.12 (s) BYTE DATA
(RIGHT-);

25 1 DECLARE PHRASE-13 (z) BYTE DATA
., (LEFT-);
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76 1 DECLARE PHRASE-14 (1) BYTE DATA
S-'-' (METER);

27 1 DECLARE PHRASE-15 (z) BYTE DATA
(ss);

28 1 DECLARE PHRASE-16 () BYTE DATA
(SHORTPAUSE);

29 1 DECLARE PHRASE-17 (I) BYTE DATA
(POINT);

30 1 DECLARE PHRASE-18 (I) BYTE DATA
(LONC PAUSE);

31 1 DECLARE PHRASE-19 (1) BYTE DATA
(FIRE);

32 1 DECLARE PHRASE-20 (1) BYTE DATA
(FIRESTUPIID);

33 1 DECLARE PHRASE.21 (2) BYTE DATA
(ABORT);

34 1 DECLARE PHRASE-22 (1) BYTE DATA
(FROMiSHTORPAUSEtTARGET);

35 1 DECLARE PHRASE_23 (z) BYTE DATA
(THOUSAND);

36 1 DECLARE PHRASE-24 (1) BYTE DATA
(HUNDRED);

37 1 DECLARE PHRASE-25 (1) BYTE DATA
(LOW-);

38 1 DECLARE PHRASE_26 (z) BYTE DATA
(HIGH-);

39 1 DECLARE PHRASE-2? (1) BYTE DATA
(CORRECT);

u MODULE PROCEDURES

/z THE SEND PROCEDURE WRITES A BYTE TO THE UPI4l ON THE
- DIGITALKER BOARD WHEN IT IS READY z/

40 1 SEND: PROCEDURE (OUTDATA);
41 2 DECLARE OUTDATA BYTE, STAYCON BYTE AT (ODOOZH),

PDATA BYTE AT (ODOOOH);
i2 2 DO WHILE NOT SHR(STAT.CO,1); /I WAIT UNTIL UPI41 IBF =0 1/
43 3 END;
44 2 P-DATA z NOT OUTDATA; .a MULTIBUS INVERTS w/
45 2 EN SEND;

/z XMIT WRITES AN ENTIRE PHRASE TO THE UPI41 ON THE DIGITALKER
BOARD I/

46 1 XMIT: PROCEDURE (PHRASE.PTR, PHRASELENGTH);
47 2 DECLARE PHRASEPTR POINTER, PHRASELENGTH WORD;
48 2 DECLARE (ITEM BASED PHRASEPTR) (1) BYTE;

19 2 =0;
so" 50 2 DO WHILE I : PHRASE-LENGTH'
51 3 CALL SEN[ fITE,:I));
5°,A .3 -= I,,..52 1=I 1+ 1;

53 3 END;
54 2 END XMIT;

IN THE FOLLOWING, 'WORD' MEANS THAT THE WORV
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IS SPOKEN.

/s SAYAMOUNT HAS DIGITALKER SAY THE NUMBER OF METERS THAT MISSILE
KISSED BY. IT IS FOLLOWED BY A SHORT PAUSE. x/

55 1 SAY-AOUNT: PROCEDURE (BUFFPTR);

56 2 DECLARE BUFF.PTR POINTER;
57 2 DECLARE (ASCII-NUMBER BASED BUFFPTR) (4) BYTE;
58 2 IF ASCIINURBER(O) > 20H !z NO THOUSANDS DIGIT I/

THEN DO;
60 3 CALL SEND(OOH); /s PAGE ZERO i
61 3 CALL SEND(ASCIINUMBER(O) - 30H); /z 'THOUSANDS DIGIT' z/
62 3 CALL SEND(O2H); /I VOLUME TWO I/
63 3 CALL XMIT(@PHRASE_'3,SIZE(PHRASEZ3)); /,'THOUSAND' I/
64 3 END;
65 2 IF (ASCIINUMBER(1) > 2OH) AND (ASCII.NUMBER(1) 30H)

/1 NO HUNDREDS DIGIT 1i
THEN DO;

67 2 CALL SEND!OOH); /I PAGE ZERO I/
68 3 CALL SEND(ASCII.NUME:ER(l - 30H); I' 'HUNDREDS DIGIT' I/
69 3 CALL SEND(O2H); /I VOLUME TWO I/
70 3 CALL XMIT(@PHRASE_24,SIZE(PHRASE_24)); /2 'HUNDRED' J/
71 3 END;

CALL SEND(OOH'; /I PAGE 0 1/
-3 IF (ASCIINUME:ER(2) 20H) /I NO TENS DIGIT '/

THEN DO;
75 3 IF ASCIINUMBER(3) = 30H /z ZERO HAS SPECIAL ADDRESS x/

THEN CALL SEND(1FH); /I ADDRESS OF ZERO I/
77 3 ELSE CALL SEND(ASCII.NUMBER(3) - 30H); /I OTHER ADDRESSES x/
7B 3 END;
79 2 ELSE IF ASCIINUMBER(2) = 31H I: TENS DIGIT IS ONE I/

THEN CALL SEND(ASCIINUMBER(3) - 30H4 OH); / SEND ADDRESS I/
81 2 ELSE IF ASCII.NUMBER(2) *.; 30H

THEN DO; /z TENS DIGIT IS NOT ZERO OR ONE w!
83 3 CALL SEND(ASCIINUMBER(2) - IEH); /a SEND TENS ADR. 3/

84 3 IF ASCII.NUMBER(3) 0 30H /z UNLESS ONES IS ZERO g.
THEN DO;

:6 4 CALL SENDrOH); /I SEND VOLUME FOR TENS 1/
87 4 CA!.L SEND100WH; /a PAGE ZERO x/
88 4 CALL SEND(ASCII-NUMPER(3) - 30H); /I ONES ADDR. 1.'
89 4 END;

90 3 END;
CALL SEND(O2H); /z SEND VOLUME FOR LAST WORD a/

92 2 IF ASCIINUMBER(5)< 30H /I UNLESS NO TENTHS I/
THEN DO;

Qq 3 CALL XMIT(@PHRASE_17,SIZE(PHRASE_7f)); /I SAf POINT X'/
95 3 CALL SEND(OOH); /I PAGE ZERO i
96 3 CALL SENDfASCIINUMBER'5) - 30H); Iz TENTHS ADDF.
97 3 CALL SENDC(2H,; /I VOLUME I/
98 3 END?
99 2 CALL XMIT,@F'HRASE_16,SIZE('PHRASE_16)); /I SHORT PAUSE 1/

100 2 END SAY_AAOUNT;

/w MISS-DISTANCE HAS DIGITALrER SAY THE MISS-DISTANCE AND METER OR
METERS FOLLOWE[ E:. A LONG PAUSE 3'
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101 i MISS-DISTANCE: PROCEDURE (DISTANCE! ASCII.PTR);
102 2 DECLARE DISTANCE PE , A.iiFTR POINTER;

103 2 CALL SAY.HnOUNT(ASCII.PTR); /I SAY THE AMOUNT u'

104 2 CALL XMIT(@PHRASEI4,SIZE(PHRASE.14)); /I SAY METERS UNLESS 3'

105 2 IF FIX(UO,0 I DISTANCE) ': 10 /1 DISTANCE : 1.0 1/
THEN CALL XMIT(@PHRASE-15,SIZE(PHRASE-15)); /z THEN SAY METER .

107 2 CALL XNIT(@HRASEIB,SIZE(PHRASE1BY)): /I LONC PAUSE 1/

!08 ? END MISS-DISTANCE;

/Z PROLOG IS CALLED FROM TOWMN BEFORE A TRIGGER PULL, I/

109 1 PROLOG: PROCEDURE PUBLIC;
" 110 2 0 WHILE NOT CONTINUE; /Z WAIT TILL SCENARIO SELECTED I/

111 3 END;
S112 2 CONTINUE = 0;

/I TURN ON TARGET LIGHT V/

* 113 2 DO CASE (STAPTINGTRACK AND 03H);
114 3

" 115 3 OUTPUT(PORT.C) = OFEH; /s PORTC HAS INVERTED OUTPUTS z/
".. 116 2 OUTPUT(PORTC) = OFDH;

117 3 OUTPUT(PORT.C) = OFBH;
118 3 END;

119 2 IF DAYSIGHT = I /I I 'USE DAY SIGHT'? 0 'USE NIGHT SIGHT' I/
THEN CALL XMIT(PPHRASEISIZE(PHRASE_1));

121 2 ELSE CALL XMIT(IPHRASE_2,SIZE(PHRASE.2));
122 2 DO WHILE NOT CONTINUE; /I WAIT TILL READY AND MOTORS START V/
123 3 END;
124 2 CONTINUE = 0;
125 2 CALL XMIT(IPHRASE_3,SIZE(PHRASE.31); /I 'ALERT! TANK' I/
126 2 IF EAST-WEST 1 /I 1 = 'EAST', 0 'WEST' 3"

THEN CALL XMIT(@PHRASE_4,SIZE(PHRASE.4));
128 2 ELSE CALL XMIT(@PHRASE_5,SIZE(PHRASE_5));
120 2 CALL XMIT(PHRASE6.SIZE'PHRASE6)); /1 '3000 METERS' V.
130 2 CALL TIME(10000 ; !I I SEC DELAY I, .
131 2 CALL XMIT(@PHRASE_7,SIZE(PHRASE_7)); / 'AT 0Y COMMAND I/

132 2 CALL TIME(10000);
133 2 DO WHILE DONTFIRE; /z WAIT TILL CY512 SAYS FIREz'
134 3 END; /z AND OUTPUT TO BITI ON PORT.B 3.'

135 2 CALL XMIT(@PHRASE_19,SIZE(PHRASE.19)); /v 'FIRE' z/
. 136 2 ALREADY-OUT O; /z ZERO A COACHING FLAG I/

137 2 END PROLOG;

II FIRE AGAIN MAKES DIGITALKER SAY FIRE LOUDER, CALLED FROM TOWMN IF
0 : TRAINEE DOESN'T FIRE WITHIN TWO SECONDS AFTER FIRST COMMANDED. 3.

138 1 FIREAGAIN: PROCEDURE PUBLIC;
139 A CALL XMIT(IPHRASE20,SIZE(PHRASE20)); /I FIRE STUPID I/

- 140 ? END FIREAAIN;

/I QUIT MAKES DICITALKER SAY CEASE TRACKING THEN AE:ORT, CALLE FROM
"0', TOWMN IF TRAINEE DOESN'T FIRE THE SECOND TIME, v'

l4l 1 QUIT: PROCEDURE PUBLIC;
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14A 2 CALL XMIT(ePHRASE8,SIZE(PHRASEB)); /I CEASE TRACKING I!
" 143 2 CALL XMIT(@PHRASE-I8,SIZE(PHRASEI8)); /z LONG PAUSE x/

144 2 CALL XhIT(@PHRASE.21,SIZE(PHRASE_21)); /I ABORT I!
145 2 END QUIT;

/I COACH CALLED FROM TOWFLPr FLIGHT PROCEDURE. VERTICAL COACHING
OVERIDES HORIZONTAL COACHING, SINCE MORE CRITICAL, THIS IS TO AVOID
CONFUSING THE GUNNER BY COACHING IN BOTH DIRECTIONS SIMULTANEOUSLY I/

146 COACH: PROCEDURE (GAEH, GAEV) PUBLIC;
147 2 DECLARE (GAEH, GAEV) REAL;

*-. 148 2 IF (ABS(GAEH) < GAEHLIMIT) AND (ABS(GAEV) < GAEVLIMIT)
AND (ALREADY-OUT = 1)

/s WAS OFF TARGET, BACK ON TARGET x/

S-. THEN D0O
" -"150 3 CALL XMIT(@PHRASE 27,SIZE(PHRASE 27)); /1 'ON TARGET' X/

151 3 ALREADY-OUT = 0;
152 3 END;
153 2 IF ABS(GAEV) .GAEV-LIMIT

/z HIGH OF LOW z!

THEN DO;
155 3 IF GAEV -0. THEN CALL XMIT(ePHRASE_26,SIZE(PHRASE.26)); /I 'HIGH' zI
157 2 ELSE CALL XMIT(@PHRASE_25,SIZE(PHRASE25)); /I 'LOW ' I/
158 3 ALREADY-OUT = 1; /z OFF TARGET xi
159 3 END;

/ RIGHT OR LEFT, BUT NOT HIGH OR LOW z/

160 2 ELSE IF ABS(GAEH) GAEHLIMIT
THEN DO;

162 3 IF GAEH 0. THEN CALL XMIT(OPHRASE_12,SIZE(PHRASE.12)); / 'RIGHT 'x
164 3 ELSE CALL XMIT(@PHRASE.13,SIZEPHRASE_13)); /z 'LEFT' x/
165 3 ALREADY-.OUT 1; /z OFF TARGET w/
166 3 END;

END COACH;

/I NOTE THAT EPILOG USES THE ASCII BUFFERS FOR MISS DISTANCE TO
CAUSE DIGITALKER TO ALSO SAY THE MISS DISTANCES z/

168 1 EPILOG: PROCEDURE PUBLIC;
169 2 CALL XMIT(PPHRASEBSIZE(PHRASE.O)); /z 'CEASE TRACKING' zl
170 2 CALL TIME(10000); /I 1 SEC DELAY I/
171 2 IF SPEECH-HIT = I

THEN CALL XNIT(@PHRASE.9,SIZE(PHRASE_9)); /I 'HIT' I
173 2 IF SPEECH-MISS = 1

THEN DO;
175 3 CALL XMIT(@PHRASE.IOSIZE(F'HRASE.0f)); / 'MISS' I/

-. 176 3 IF UP " 0,
THEN DO;

e 17 CALL MISS.DISTANCE(UPBV.MISASCII(O)); /I DISTANCE I/
179 4 CALL XMIT(@PHRASEIISIZE(PHRASE.11f); /I 'HIGH' I/

O 180 1 END;
181 3 IF RIGHT 0.
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THEN DO,
183 4 CALL MISS.DISTANCE(RIGHT,@H-MISASCII(O)); /i DISTANCE v/
184 4 CALL XMIT(@PHRASE_12,SIZE(PHRASE.12)); /i 'RIGHT' I/
185 4 END;
186 3 IF LEFT \0 0.

THEN DO;
188 4 CALL HISSDISTANCE(LEFT,8HMISASCII(O)); /s DISTANCE t/
189 4 CALL XHIT(PHRASE_13,SIZE(PHRASE_13)); /I 'LEFT' I/
190 4 END;
191 3 END;

/I NOTE THAT X.IISASCTI USED FOR SPECIAL COMMENTS IN
SPECIAL MISS SITUATIONS. DICITALKER IS PREVENTED FROM
ATTEMPTING TO USE THE BUFFER IN THESE SITUATIONS z/

192 2 ELSE IF (SHORT < 0. AND BS(SHORT) > 2.6416) AND (WIRE-BROKE = 0)
AND (HILL.IMPACT 0 0) AND (GUIDANCE-LOST = 0)
THEN DO;

194 3 CALL XMT(IPHRASEIOSIZE(PHRASE_10)); /a 'MISS' if
195 3 CALL HISSDISTANCE(SHORT,@XMISASCII(O)); I DISTANCE z/
196 3 CALL XMIT(@PHRASE_22,SIZE(PHRASE_ 2)); /I 'FROM TARGET' z/
197 3 END;

END EPILOG;

".-' 199 1 END TOI-SPEECH-MODULE;

- 10K'2"
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CROSS-REFERENCE LISTING

DEFN AMIR SIZE NAE, ATTRIBUTES, AND REFERENCES

12 ABORT ... ... LITERALLY 33
ABS. . .. ,.. BUILTIN 6 14 153 160 19

6 0002H 1 ALREADY-.OUT* . . .* BYTE 136 148 151 158 165
, 57 OOOOH 4 ASCIINUMBER . . . BYTE BASED(BUFFPTR) ARRAY(4) 58 61 65 68 73 75 77

79 80 81 83 84 88 92 96
101 0004H 4 ASCIIPTR. . . . . POINTER PARAMETER AUTOMATIC 102 103

-12 AT- .. .t , LITERALLY 19
55 0004H 4 BUFFPTR . . . . . POINTER PARAMETER AUTOMATIC 56 57 58 61 65 68 73

75 77 79 80 81 83 84 88 92 96
12 CEASE. . . . LITERALLY 20

146 0461H 293 COACH. . . . . . . PROCEDURE PUBLIC STACK=OO1EH
12 COMMAND. . . LITERALLY 19
2 AO1FH I CONTINUE . . BYTE AT ABSOLUTE 110 112 122 124
12 CORRECT . . . . . . LITERALLY 39
12 DAY. . . . . . . . LITERALLY 13
2 AOO7H 1 DAY-SIGHT. . . . . BYTE AT ABSOLUTE 119

101 FFFCH 4 DISTANCE . . . . . REAL PARAMETER AUTOMATIC 102 105
10 DONT-FIRE . . . . . LITERALLY 133

12EAST. .. ... LITERALLY 16
2 AOOFH I EAST-WEST. BYTE AT ABSOLUTE 126

168 0586H 379 EPILOG . . . . . . PROCEDURE PUBLIC STACK=0028H
12 FIRE . . . LITERALLY 31

138 041FH 19 FIRE-AGAIN . . . . PROCEDURE PUBLIC STACK=0012H
12 FIRE-STUPID, .. .* LITERALLY 32

FIX ...... BUILTIN 105
12 FRO . ., ,, LITERALLY 34

" 146 FFFCH 4 GAEH . . . . . . . REAL PARAMETER AUTOMATIC 147 148 160 162
11 AEH.LIIT . . . . LITERALLY 148 160

146 FFFBH 4 GAEV . . . . . . . REAL PARAMETER AUTOMATIC 147 148 153 155
11 GAEYLIMIT LITERALLY 148 153
4 OOOOH 1 GUIDANCE-LOST, . BYTE EXTERMAL(O) 192

12 HIGH .. . . . . LITERALLY 23 38
4 O000H 1 HILL-IMPACT, BYTE EXTERNAL(1) 192

12 HIT,#, ,, LITERALLY 21
12 HDRED ..... LITERALLY 36
3 AO22H 22 HISASCII. . BYTE ARRAY(22) AT ABSOLUTE 183 188
8 00001 2 I... .#ssORD 49 50 51 52

INPUT . .. . BUILTIN 133
48 0000H I ITEM * . . . . . . BYTE BASED(PHRASE.PTR) ARRAY(1) 51
8 00054 1 K, s s s, BYTE
5 0000H 4 LEFT . . . . . . . REAL EXTERNAL(4) 186 188
12 LEFT_. , LITERALLY 25
12 LONGPAUSE . , LITERALLY 30

LOW 12 LO ... . .. , LITERALLY 37
12 MEDIUM-PAUSE . LITERALLY 15 16 17
12 METER. . . . . . . LITERALLY 18 26
12 MISS ....... LITERALLY 22

101 028H 92 MISS-DISTANCE. . . PROCEDURE STACK=0022H 178 183 168 195
12 MY . . . . . . . . LITERALLY 19
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12 NIGHT. . . . . . LITERALLT
12 ON ........ LITERALLY
40 0004H 1 OUTDATA. . . . . . BYTE PARAMETER AUTOMATIC 41 44

OUTPUT . . . . . . BUILTIN 115 116 117
13 0014" 15 PHRASEI . . . . , BYTE ARRAY(15) DATA 120
22 0077H 6 PHRASEO. . . . . BYTE ARRAY(6) DATA 175 194
23 007H 6 PHRASE.ID BYTE ARRAY(6) DATA 179
24 0083H 3 PHRAS_12. , , BYTE ARRAY(3) DATA 163 184
25 0086H 3 PRASE-3. . . . . BYTE ARRAY(3) DATA 164 169
26009 3 PRASE-4 . . . .. BYTE ARRAY(3) DATA 104
27 0O8CH 3 PHRASE15. . . . . BYTE ARRAY(3) DATA 106
28 O08FH 3 PHRASE-16 . . . . BYTE RRAY(3) DATA 99
29 0092H 3 PHRASE.17. . . . . BYTE ARRAY(3) DATA 94
30 0095H 3 PHRASE-1, . . . . BYTE ARRAY(3) DATA 107 143
31 0098H 3 PHRASEZ9. BYTE ARRAY(3) DATA 135
14 0023H 15 PHRASE.2 , BYTE ARRAY(15) DATA 121
32 009BH 3 PHRASE-20. . . . BYTE ARRAY(3) DATA 139
33 O09EH 3 PHRASE2 . . . . . BYTE ARRAY(3) DATA 144
34 OOA1H 9 PHRASE.22. BYTE ARRAY(9) DATA 196
35 OOAAH 3 PHRASE23. . . . BYTE ARRAY(3) DATA 63
36 OOADH 3 PHRASE-.24. . . . . BYTE ARRAY(3) DATA 70
37 OOBOH 3 PHRASE25, . . . . BYTE ARRAY(3) DATA 157
3e 0033H 3 PHRASE26, . . . . BYTE ARRAY(3) DATA 156
39 0OB6H 3 PHRASE27. . . . . BYTE ARRAY(3) DATA 150
15 0032H 12 PHRASEJ . . . . . BYTE ARRAY(12) DATA 125
16 003EH 6 PHRASE4 . . . . . BYTE ARRAY(6) DATA 127
17 0044H 6 PHRASE5 . . . . . BYTE ARRAY(6' DATA 128
18 O04AH 18 PHRASE-6 . BYTE ARRAY(18 DATA 129

* 19 O05CH 15 PHRASE_7 . . . . BYTE ARRAY(15) DATA 131
20 006H 9 PHRASE8 . . . . . BYTE ARRAY(9) DATA 142 169
21 0074H 3 PHRASE_9 . . ., . BYTE ARRAY(3) DATA 17Z
46 0004H 2 PHRASE-LENGTH, , . WORD PARAMETER AUTOMATIC 47 50
46 0006H 4 PHRASEPTR . . . . POINTER PARAMETER AUTOMATIC 47 48 51
12 POINT. . . . . . . LITERALLY 29
9 PORT- . . . . . . LITERALLY 133
9 PORTC , , . . LITERALLY 115 116 117

109 02E7H 312 PROLOG . . . . . . PROCEDURE PUBLIC STACK=00124H
41 DOOOH 1 P-DATA ...... BYTE AT ABSOLUTE 44

141 0432H 47 QUIT , , , , PROCEDURE PUBLIC STACK=0012H
5 O000H 4 RIGHT. . . . . . . REAL EXTERNAL(3) 181 183
1- RIGHT . . . . . .. LITERALLY 24
55 0135H 342 SAYAMOLlIJT,,, PROCEDURE STACk=0016H 103

- 40 OOOEH 44 SEND, .. , PROCEDURE STACK=0004H 51 60 61 62 67 68 69 72
76 77 90 83 86 87 98 91 95 96 97

5 0000 4 SHORT, , * . , , , REAL EXTERNAL(6) 192 195
12 SHORTPAUSE. , , , LITERALLY 18 20 28 34

SHR ....... , BUILTIN 42 133
* 12 SIGHT. ..*. . . . LITERALLY 13 14

SIZE .. . . . . . BUILTIN 63 70 91 99 104 106 107 120 121 125 127
1:8 129 131 125 13o 142 143 144 15C 156 157 163 164 I1q
172 15 1.7 184 189 191 196

7 0003H I SPEECH-HIT . BYTE PUf:LIC 171 %
7 0004H I SPEECH-MISS., . BYTE PUBLIC 173
12 SQUAD . . . ... . LITERALLY 15
12 SS ...... LITERALLY 18 27SAOOCH I STARTING-TRACI' J:YTE AT Af:Sn LUTE 1

41 D2H I STAT.COM BYTE AT ABSOLUTE 42

LiE 104,.
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12 TA . ..... . LITERALLY 15
.12 TARGET . ..... LITERALLY 34

12 THOUSAND . ..... LITERALLY le 17
,-..-12 THRE .. .. . .. LITERALLY le

',.."TIME .. .. . .. BUILTIN 130 132 170

1 00EH TOW.SPEECHODULE. PROCEDURE STACK-"
12 TRACKING . . . . . LITERALLY 20
5 000H 4 UP ...... .. REAL EXTERNAL(5) 176 178

12 USE ....... LITERALLY 13 14
12 VERYLONGPAUSE. . LITERALLY 15 22 23

.- 12 JERY.SHORTPAUSE . LITERALLY 13 14 18 19
3 A030H 22 VjIIS.ASCII, .. BYTE ARRAY(22) AT ABSOLUTE 178

12 WEST , ..... LITERALLY 17
4 000011 I NIRE.BROKE . . . BYTE EXTERNAL(2) 192

46 OIOAH 43 XNIT . . . . . . PROCEDURE STACK=OOOEH 63 70 94 99 104 106 107 110
121 125 127 128 129 131 135 139 142 143 144 150 156 157
163 164 169 172 173 179 184 189 194 196

3 AO4EH 22 XIIS.ASCII. . . . BYTE ARRAY(22) AT ABSOLUTE 195

MODULE INFORMATION:

CODE AREA SIZE = 0701H 1793D
CONSTANT AREA SIZE = O000H OD
VARIABLE AREA SIZE = 0006H 6D
MAXIMUM STACK SIZE = 0028H 400
361 LINES READ
0 PROGRAM ERROR(S)

END Of PL/M-86 COMPILATION

** 
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* " SIS-II PtI-B6 V2, COMPILATION OF MODULE TOW-UTILITY 'p

- OBJECT NODULE PLACED IN :F2:TOWUTOBJ
* COMPILER INVOKED BY: PLM86 :F2:TOUT,006 DEBUG RON MEDIUM XREF IXREF WORKFILES(F2:,:F2:) DATE(1/13/83)

1TOWUTILITY: DO;

• /z TOWUT.006 HAS NEW SOUND PROCEDURE, CORRECTED MISS.COMENT PROCEDURE,
AND DELETION Or ALL REFERENCES TO TIMER. /,

2 1 DECLARE PPICONTROL LITERALLY 'OCEH';

/z HX2AS CONVERTS AN INTEGER TO ASCII CHARACTERS WITH THE
LEAST SIGNIFICANT DIGIT IN THE TENTHS POSITION I/

3 1 HX2AS: PROCEDURE (HEXASCIIADR) PUBLIC;
* 4 2 DECLARE ASCIIADR POINTER, HEX INTEGER,

ASCII BASED ASCIIADR (6) BYTE, N INTEGER REMAINDER INTEGER;

5 2 HEX s IABS(HEX);:
6 2 DON = 4 TO 0 BY- 1;
7 3 REMAINDER HEX MOD 10 + 30H;
8 3 ASCII(N) LOW(UNSIGN(REMAINDER));
9 3 HEX = HEX!10;
10 3 END;
11 2 ASCII(5) = ASCII(4);
12 2 ASCII(4)= Io';

13 2 N=O;

14 2 DO WHILE (ASCII(N) = 30H) AND (N K 3); !a REPLACE LEADING ZEROES WITH BLANKS a/
15 3 ASCII(N) = 20H;
16 3 N=N+ I;
17 3 END;
i 2 END HX2AS;

/z CONVERTS A REAL NUMBER TO ASCII CHARACTERS WITH APROPRIATE DIRECTION x/

19 1 MISS-COMMENT: PROCEDURE(REAL$ADR, DECSADR, DIRECTION) PUBLIC;
20 2 DECLARE(REALSADR, DECSADR) POINTER, TEMPI BASED REAL$AOR REAL;
21 2 DECLARE PHRASE BASED DECSADR (22) BYTE, (NDIRECTION) BYTE; ..
22 2 DECLARE TEMP2 INTEGER; -'

23 2 TEMP2 s FIX(1O.O z TEMPI); /i GET HEX MISS DISTANCE IN DECIMETERS x/
24 2 IF TEMP2 <> 0 /z DO NOTHING IF TEP2 0.0 1/

THEN DO;
26 3 CALL HX2AS(TEMP2,DEC$AOR);
27 3 PHRASE(7) z ' ';

* 28 3 PHRASE(B) m 'N';
29 3 PHRASE'9) : 'E';
30 3 PHRASE(QO) = 'T';
31 3 PHRASE(QI = 'E';
32 3 PHRASE(12) c 'RI;
33 3 PHRASE(13) =

, 34 3 PHRASE(1) = 'S';
35 3 PHRASE(QS) a )';
36 3 PHRASE(16)

IV" 106
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37 3 DO CASE DIRECTION;
36 4 DO;
39 5 PHRASE(17) = IR';

40 5 PHRASE/tB) = 'I';
41 5 PHRASE(19) '
12 5 PHRASE(0) = 'H';
43 5 PIRASE21 = I T';
'!4 5 END;
15 1 DO;
46 5 PHRASE(17) = '';
47 5 PHRASE(I8) = 'E';

- 48 5 PHRASE(19) : 'F';
49 5 PHRASE(20) = IT';
50 5 END;
51 A DO;
52 5 PHRASE(17) = 'H';
53 5 PHRASE(I8) = 'I';
54 5 PHRASE(19) = 'G';
55 5 PHRASE(20) = 'H';
56 5 END;

' 57 4
58 4 DO;
59 5 PHRASE(17) = 'S';
60 5 PHRASE(Q8) = 'H';
61 5 PHRASE(19) = '0';

- 62 5 PHRASE(20) = 'P';
63 5 PHRASE(21) = 'T';
64 5 END;
65 1 END;
66 3 END;
67 2 END HISS-COMMENT;

68 1 SOUND: PROCEDURE (OHATKIND) PUBLIC;
69 2 DECLARE WHAT-KIND BYTE;
70 2 DECLARE PORTA LITERALLY 'OCBH';

/I PORTA BITE IS INT, AN ACTIVE HIGH STROBE FOR DATA ON PORT.A BITS
0 1 1. THE SOUND SIGNALS ARE ENCODED ON PORT.A BITS 0 11, THIS DATA
IS VALID ONLY WHILE BIT 2 IS HIGH. NOTE THAT PORT.A OUTPUTS ARE

," '. INVERTED BEFORE THEY REACH THE CONNECTOR, BIT 2 IS HIGH FOR 100
MICROSECONDS, THE SOUND SIGNMS ARE ENCODED AS FOLLOWS:

kWHATKIND - 0 a) TRIGGER PULL SIGNAL (Al = O, AO = 0)
.HATKIND a I a> IMPACT HIT SIGNAL (A1 = 0, AO m 1)
N lTJ .a2 > IMPACT MISS SIGNAL (At : 1, AO : 0)

71 2 OUTPUT(PORT.A) = 04H OR (WHAT-KIND AND 03H);
72 2 CALL TINE();
73 2 OUTPUT(PORTA) = OOH;
7 2 END SOUND;

75 1 I..ISET: PROCEDURE PUBLIC;
76 2 DECLARE PPI.MODE LITERALLY '82H'; /I PORTS A L C OUTPUT. B INPUT, I/

/I REF PAGES 2-10 1 3-15 1/
77 2 OUTPUT(PPI.COTROL) : PPIMODE; /1 ALL PPI OUTPUTS CO LOW i/

107
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78 2 END PPI-SET;

79 1 END TOM-UTILITY;
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CROSS-REFERENCE LISTING

DEFN AOR SIZE NAME, ATTRIBUTES, AN REFERENCES

4 O000H 6 ASCII. , . . , . , BYTE BASED(ASCII.ADR) ARRAY(6) 8 11 12 14 15
3 0006H 4 ASCIIADR, . . . . POINTER PARAMETER AUTOMATIC 4 8 11 12 14 15

19 0008H 4 DECADR . . . . . . POINTER PARAMETER AUTOMATIC 20 21 26 27 28 29 30
31 32 33 34 35 36 39 40 41 42 43 46 47 48

49 52 53 54 55 59 60 61 62 63
19 0006H I DIRECTION. . . . . BYTE PARAMETER AUTOMATIC 21 37

FIX . . . . . . . BUILTIN 23

3 OOOAH 2 HEX ..... INTEGER PARAMETER AUTOMATIC 4 5 7 9
3 0004H 157 HX2AS. . . . . . . PROCEDURE PUBLIC STACK=000AH 26

IABS ....... BUILTIN 5
LOW ....... BUILTIN 8

19 OOAIH 312 MISS.COMMENT . . . PROCEDURE PUBLIC STACK=OOIAH
4 OOOOH 2 N...... . INTEGER 6 B 13 14 15 16
S 20006H 1 N ...... BYTE

OUTPUT . ., , BUILTIN 71 73 77

21 OOOOH PHRASE . . . . . . BYTE BASED(DECADR) ARRAY(22) 27 28 29 30 31 32 33
34 35 36 39 40 41 42 43 46 47 48 49 52 53
54 55 59 60 61 62 63

70 PORT.A . . . . . . LITERALLY 71 73
, PPICONTROL. . . . LITERALLY 77

76 PPIMOE . . . . . LITERALLY 77
75 OIFDH 9 PPISET, , .. . . PROCEDURE PUBLIC STACK=0002H
19 000CH 4 REALADR. . . . . . POINTER PARAMETER AUTOMATIC 20 23
4 0002H 2 REMAINDER . . INTEGER 7 8

68 OID9H 36 SOUND. , , . . . . PROCEDURE PUBLIC STACK=00041H
20 OOOOH 4 TEMPI. . . . . . REAL BASED(REALADR) 23
22 00044 2 TEMP2 . . .... INTEGER 23 24 26

TIME ,.. . BUILTIN 72
1 0004H TOW-UTILITY. . . . PROCEDURE STACK=OOOOH

UNSIGN . . BUILTIN 8
68 0006H 1 NHATKIND. . . . . BYTE PARAMETER AUTOMATIC 69 71

MODULE INFORMATION:

CODE AREA SIZE =02066H 5180
CONSTANT AREA SIZE = OOOOH O0
VAIAPLF AREA SIZE = 0007H 7D
MAXIMUM STACK SIZE xO01AH 26D
111 LIMES READ
0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION
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0 jISIS-II MCS-86 MACRO ASSEMBLER V2.1 ASSEMBLY OF MODULE RDRSF,
OBJECT MODULE PLACED IN :F2:TOWXF.OBJ
ASSEMBLER INVOKED BY: ASM86 :F2:'TOWXF.SRC DEBUG XREF DATE(117/83)

LOC OBJ LINE SOURCE

1 ;THIS PROGRAM, STARTED SEPT 5? 1979, READS DATA FROM THE RETICON RSB6020
2 ; INTERFACE BOARD INTO THE 86/12 MEMORY: REFERENCES ARE:
3 ; 1 RS86020 OPERATING INSTRUCTIONS, MARCH 9, 1979, EGIG RETICON
4 ; S ; YVALE, CALIFORNIA.
5 2, MCS-06 ASSEMBLE LANGUAGE REFERENCE MANUAL, #9800640A,
6 ; INTEL CORP, SANTA CLARA, CALIFORNIA
7
8 ;IT IS BEING CLEANED UP A BIT FEB 20, 1981
9

10 ;EQUATES AT TOP OF PROGRAM PER P, 8-hv REF Z
11
12 NAME RORSB
13 DGROUP GROUP SBC._REGS, RSBREGS
14 CGROUP GROUP CODE

15
0001 16 INSK EOU 01 ;SET UP FOR CAMERA 1 ONLY. SEE P. 19, REF I
0064 17 LINES EOU 100
0010 18 ENDFR EOU 1OH ;MASK FOR THE 2-TO-THE-4TH BIT, P. 45, REF I

19
20 ASSUME SS:DGROUPF CS:CGROUPP DS:DGROUPP ES:DGROUP
21
22 SBCREGS SEGMENT COMMON ;NOTE THAT 'COMM' FILES MUST BE
23 ;COMMON IN ALL MODULES, I.E. CAN'T BE

0000 (800 24 SBCREG DB 800 DUP ?) ;'AT' IN ONE AND 'COMMON' IN ANOTHER.
??

25 ;THEY DO NOT, HOEVER, HAVE TO BE POINTED
26 ;TO BY THE SAME SEGMENT REGISTER IN BOTH
27 ;MODULES, NOR DO THEY HAVE TO
28 ;OF THE SAME LENGTH,

0320 (6 29 PARTLY-OFF DB 6 DUP (7) ; INITIALEZE = 0
77

0326 (6 30 LOCATIONS DO 6 DU (? ; INITIALIZE = 1

31 SBC.REGS ENDS
32
33 RSB.REGS SEGNENT AT OEOOH ;BASE ADDRESS OF RETICON BOARD IS OEOOOH

" 0000 (512 34 RSBOTA DO 2001 OU (?)

0200 (1 35 STATI 09 1 OUP () ;THIS FORM IS NECESSARY TO AVOID LOADIOG ERRORS

4%. 0201 (11 36 STAT2 DOB OB DUP )

02 (2 37 RESET DO 2 DUP(7)

110
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LOC OBJ LINE SOURCE

020E 1 38 CNFGI5 DS I DUP (7)

020F (1 39 PROCOM 08 1 DUP (7)

---- 40 RSBREGS ENDS
ii

-. 42 STACK SEGMENT STACK 'STACK'
0000( 10 43 DW 10 DUP (?)-. °-.~

0014 44 STKTW LABEL Ne
45 STACK EWDS
46
47

-- 40 CODE SEG rr PLIC 'CODE'
49
50 PUBLIC INMT

0000 51 INITI PROC NEAR ;INITIALIZATION OF RS8 6020 INTERFACE BOARD
0000 A20C02 R 52 RTINIT: NOV RESETAL ;RESET IS A 'DUMMY' REGISTER? ALL IT NEEDS

.- 0003 C6060E0201 R 53 NOV CNFG15,INNSK ;IS THE 'NWTC/' PULSE FROM PI #20
0008 A20FO2 R 54 MOV PROCOHPA. ;PROCOM IS ALSO A 'DUIMMY' REGISTER.
000B C3 55 RET

56 INITI ENDP
57
e. 58 PUBLIC RDRAST

000C 59 RDRAST PROC NEAR
OO0C A20F02 R 60 LAST: NOV PROCOMAL ;WILL WAIT FOR LAST RASTER LINE
OOF A00002 R 61 WTLPO: NOV ALSTAT1 ;FROM HERE TO CHECK IS ST'D NUCMCY
0012 DOEO 62 SH1. AL,1
0014 7303 63 JNB WTLP3
0016 A20F02 R 64 PSPRO: NOV PROCONAL
0019 A00002 R 15 WTLP3: NOV ALSTAT%
001C DOEO 66 SHL ALI
001E 7206 67 JB CHECK
0020 DOEO 68 SHL AL,1
0022 72F5 69 JB WTLP3
0024 EBFO 70 JMP PSPRO
0026 A00300 R 71 CHECK: NOV ALRSBDTA[3]
0029 2410 72 AND ALENDFR
002B 74DF 73 JZ LAST

."" 74
75 ;HAVING FOUND THE LAST LINE OF THE FRAME, WE WILL TRANSFER THE RETICON
76 ;DATA, LINE-BY-LINE THE THE INTEL 86/12 BOARD, EACH LINE TRANSFERRED STARTS
77 ;WITH A 'HEW COMMAND CYCLE' AS PER PAGE 40 OF REFERENCE l.A

78
002D 836q 79 MDV BL,LINES ;WILL DECREMENT FROM 100 TO ZERO
002F BFOOOO R 80 NOV DIOFFSET DGROUP:SBCREG

81
0032 A20F02 R 82 NUCMCY: HOV PROCOMAL ;AGAIN, PROCOM IS A DUMMY
0035 A00002 R 83 WTLP1: NOV ALSTATI
0038 DOEO 81 SHL AL,1
003A 7303 a5 JNP WTLP

.,.11-
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Lc NJ LINE SOURCE

003C A2OFOZ R 86 PSPR: NOV PROCON,AL
03 A00002 R 87 WTLP: NOV ALPSTATI

0042 DOEO 89 SL AL,1
0014 7206 89 A OTIP
004600(0 90 SHL AL,.
0048 72F5 91 JB TLP
004A EfFO 92 imp PSPR

93 j
94 ;NOW TRANSFER A SINGLE LINE OF RETICON RSB 6020 DATA TO THE INTEL 86 BOAPD.

" . 95 -

004C AOOOOO R 96 OTLP: NOV AiRSBTA ;TRANSITIONS IN THE LINE
004F 32E4 97 XOR AI,-A,
0051 40 98 INC AX ;NUMBER OF WORDS TO XFERF
0052 DEO 99 SHL AXi ;X2 NUMER OF BYTES TO XFER
0054 8am 100 NOV CXPAX
0056 K00(0) R 101 NOV SI,OFFSET DGROUP:RSBDTA
0059 F3 102 REP NOVS BYTE PTR SACREG CDI3, BYTE PTR RSSOTA [SI)
005A A4

- 0058 FECB 103 DEC BL
005D 75D3 104 JZ NUCNCY

005F C3 106 RET
, 107

108 RD)RAST ENDP
109

---- 110 CODE ENDS111

112 END

[.- |
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XREF SYMBOL TABLE LISTING

NAME TYPE VALUE ATTRIBUTESi XREFS

??SEG . . . SEGMENT SIZEmOOOOH PARA PUBLIC
CGROUP. . . GROUP CODE 1t 20
CHECK . . L NEAR 0026H CODE 67 71#

1CNFC15. . . V BYTE 020EH RSB-REGS 384 53
CODE. . . . SEGMENT SIZE=0060H PARA PUBLIC 'CODE' 14t 48 110
DGROUP . . . GROUP SBC-REGS RSB-REGS 134 20 20 20 80 101
ENDFR . . .NUMBER 0010H 18# 72
INIT1 . . . L NEAR O000H CODE PUBLIC 50 51 56
INNSK . . . NUMBER 0001H 16# 53
LAST. . . . L NEAR O00CH CODE 604 73
LINES . . . NUMBER 0064H 17# 79
LOCATIONS . V BYTE 03264 SBCREGS 304
NUCMCY. . . L NEAR 0032H CODE 82# 104
OTL,. . . . L NEAR OOCH CODE 89 96#
PARTLYOFF, V BYTE 0320H SBCREGS 29#
PROCOM. . .V BYTE 020FH RSBREGS 39# 54 60 64 82 86
PSPR. . . . L NEAR O03CH CODE 86# 92
PSPRO . . .L NEAR 0016H CODE 64# 70
RD.RAST L NEAR O00CH CODE PUBLIC 58 59# 108
RESET . . . V YTE 020CH RSBREGS 37# 52
RSP-REGS. . SEGMENT SIZE=0210H PARA ABS 134 33140
RSBDTA. . . V BYTE O000H RSBREGS 34# 71 96 101 102
RTINIT. . .L NEAR O000H CODE 52#
SBCREGS. .SEGMENT SIZE=032CH PARA COMMON 13f 22 31
SBCREG. . V BYTE 0000H SBC.REGS 240 80 102
STACK . SEGMENT SIZE=0014H PARA STACK 'STACK'
STATI . . .V BYTE 0200H RSBREGS 35# 61 65 83 87
STAT2 , V BYTE 0201H RSBREGS 36#
STKTOP. V WORD 0014H STACK 144
WTLP. . . . L NEAR 003FH CODE 85 97# 91
WTLPO . . .L NEAR OOOFH CODE 614
WTLPI . . L NEAR 0035H CODE 834
WTLP3 . . . L NEAR 0019H CODE 63 654 69

ASSEMBLY COMPLETE, NO ERRORS FOUND

113
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-' ISIS-I; MCS-86 MACRO ASSEMBLER V2.1 ASSEMBLY Of MODULE IRCENTER
OBJECT MODULE PLACED IN :F2:TOWIR.oEJ-

". ASSEMBLER INVOKED BY: ASM86 :F2:TOWIRo03 DEBUG XREF DATE (01/14/83)

LOC OBJ LIE SOURCE

I NME IRCENTER

3 EXTRN START-UP: FAR
4 :
5 ;THIS IS A DRIVER PROGRAM FOR THE GUNNER AIMING ERROR MATRIX CAMERA RETICON
6 ;RSB 6020 USING THE 86/12A BOARD, COMMENTS ARE UPDATED 9/23/81.
7
8 DGROUP GROUP STACKt SBCREGS, XFERSEG
9 CGROU' GROUP CODE

10
11 ASSUME SS:DGROUP, CS:CGROUP, DS:DGROUP, ES:DGROUF
12

"-- 13 STACK SEGMENT STACK 'STACK'
0000 (64 11 ON 64 DUP(?)

0080 15 TOP STI( LABEL NW
- 16 STACK ENDS

17
18 ;THIS PROGRAM WILL RESIDE ON THE SBC 'DFS'. IT WILL WRITE Y, Z(CENTER)
19 ;DATA TO THE SBC 'PIP' VIA THE MULTIBUS. THE 'PIP' HAS BEEN 'JUMPERE;'"
20 ;SO AS TO ALLOW THE NUILTIBUS TO ACCESS 8K OF ITS RAM STARTING AT LOCATION
21 ;AOOOH. THE DS' JUMPERS ALLON KiULIBUS ACCESS TO BV OF RAM STARTING
22 ;AT O000H. THE ON-BOARD LOCATION OF THESE AVAILABLE 8K-S START AT 6000H
23 ;ON BOTH BOARDS. THE BOARDS (REF FIG 2-1 86/12) ARE JUMPERED AS FOLLOWS:
24 ;
25 ; SBC DFS JUMPERS MULTIBUS ACCESS SBC PIP JUMPERS MULTIBiJS ACCESS
26 ;- ----------- --

27 ; 127-128=> X = 0 127-128 ==> X 0
28 ; Sl 6-11 CLOSED S 6-11 CLOSED
29 ; S 5-12 = 8K S 5-12 ' SK
30 ; S1 1-16 S1 1-16
31 ; S1 2-15 OPEN S1 2-15 OPEN
32 ; SI 3-14 CLOSED S1 3-14 CLOSED
33 ; Sl 4-13 ' 8000H 31 4-13 OPEN AOOOH
34
35

"" 36 XFER.SEG SEGMENT AT OAOOH ;ON SBC 'PIP' AS NOTED ABOVE
37 ;WILL PASS DATA FOR YCNTRZCNTF.
38

0000 (1 39 START-BIT DB I DUP(?)

40 PUBLIC BY,.ZDATARDYI
0001 (1 41 8Y DB I DUP(?)

*) I-,

- 0002 (1 42 B.Z DB I DUP')
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LbC 08J LINE SOURCE j~

0003 (1 43 DATARDYI O 1 DUP(?) J

0004 (1 44 BAD-)ISS O I DUP(?) ]?? 
"j"... ) p

' 0005 (1 45 OFFSET.Y DO 1 DUP(?)

- , 0006 (1 46 OFFSET Z D8 I DUp(?)

" 47 XFER EG ENDS
* 48

---- 49 SBCREGS SEGMENT COMMON
0000 (800 50 SBCREG DB 800 DP(?)

0320 1 51 MISS DB I DUP(?) ;THE FOLLOWING 6 BYTES ARE NANO 'PARTLY-OFF'
-• IN RT86XF
- )"--

52
*0321 (1 53 RIGHT 0P 1 DUP(?)

- ) 
; .'

0322 (Q 54 LEFT D 1 DUP(?)

0323 (1 55 UP O 1 DUIP(?)

0321 (1 56 DOWN 08 1 DUP(?)

032 (1 57 08 1 OUP(?) ;DUMY BYTE TO MKE 3 WORDS OF 'PARTLY-OFF' IN RT86XF
.. ) 

o.
0326 (1 58 YCNTR D 1 DUP(?) ;THE FOLLOWING 6 BYTES ARE IN 'LOCATIONS' IN RT86XF

0327 (1 59 ZCNTR DB I DUP(?)

0328 (1 60 YMAX O 1 DUP(?)
7 '

- 0329 (1 61 YIN D8 1 DUP(?)
* . )o'

, 032A (1 62 ZMAX 08 1 Op(?)

032B (1 63 ZMIN 0B 1 DUP(?)
7115

.. 115-,,

. . . .:



LOC OBJ LINE SOURCE

64
032C (1 65 CAEY DN 1 DUP (?)

032E (1 66 GAEZ ON 1 DUP(?)

0330 (1 67 SAVCAEY ON 1 DUP(?)

0332 (1 68 SAVGAEZ DW 1 DtJP(?)

69
70 PUBLIC GAEYpGAEZ
71
72 SBC-REGS ENDS
73
74
75 EXTRN RD-RAST: NEAP

0064 76 SIZ EOU 61H
--- 77 CODE SEGMENT PUBLIC 'CODE'

78
79 PUBLIC SETRET

0000 80 SETRET PROC FAR
81 EXTRN INITI: NEAR

0000 55 82 PUSH Bp
0001 IE 83 PUSH OS
0002 B8---- R 81 Nov AXYDGROUP

-- 0005 8ED8 85 NOV OSFAX
0007 BECO 86 NOV ESvAX
0009 E80000 E 87 CALL INITI
OOOC AOOOOO R 88 WAITO: NOV ALSTART-BIT ;THIS WAIT LOOP HIIOS UP MATRIX CAMERA DATA UNTIL

89 ; THE RETRO-CRAPHICS BOARD IS SET UP AND THE
90 ; MATROX BOARD IS READY AND WAITING,

OOOF 3C01 91 CNP ALP1
0011 75F9 92 JNE WAITO
0013 IF 93 POP OS
001415D 94 POP BP
0015 CB 95 RET

96 SETRET END?
97
98 PUBLIC YZCNTR

0016 99 YZCNTR PROC FAR
4C0016 55 100 PUSH BP

0017 IE 101 PUSH DS
0018 Be---- R 102 NOV AXtDGROUP
018P BEDB 103 NOV DSPAX

OlID 8ECO 101 NOV EStAX

107 ;WE NOW LOOK FOR THOSE TRANSITIONS WHICH CAN BE ASSOCIATED WITH A SINGLE
108 ;BRIGHT SPOT ON THE RETICON CAMERA 10OX100 FIELD OF VIEW, THE SPOT SOURCE
109 ;IS LOCATED AT A FIXED POSITION RELATIVE TO THE CENTER OF THE TARGET.
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LOC OBJ LINE SOURCE

110 ;THE RETICON CAMERA IS MOUNTED ON THE CENTER LINE OF THE SIMULATED WEAPON
Ill ;SO THAT THE OFFSET OF THE SPOT FROM THE CENTER OF THE 100X100 FIELD OF VIEW,
112 ;WHEN CORRECTED BY AUTOBORESIGHTt WILL MEASURE THE LEAD AND ELEVATION
113 ;OF THE WEAPON AT TRIGGER-PULL TIME. A SAMPLE RETICON DATA LINE CONTAINING A
Ii ;SINGLE BRIGHT SPOT IS:..

•115 ;

116 ; 03 03 C 60 1E EO 64 60
117

,". 118 ;THIS INDICATES THREE TRANSITIONS IN THE LINE BUT ONLY THE FIRST TWO ARE
119 ;SIGNIFICANT. AT ICH THERE IS A DARk-TO-LIGHT TRANSITION, AS INDICATED BY THE
120 ;HIGHEST ORDER BIT (HOB) = 0 IN DATA BYTE #3 (60). THE FOLLOWING TRANSITION
121 ;IS AT IEH AND IS A LIGHT-TO-DARK, AS INDICATED BY HOB=I IN THE FOLLOWING
122 ;BYTE #5 (EO). EVERY LINE HAS A FORCED TRANSITION AT THE END-OF-LINE,
123 ;LOCATION 64H=100D. THE PROGRAM STARTS FROM LINE #0 LOOKING FOR 03 AS THE
124 ;INITIAL DATA BYTE. IF 03 IS NOT FOUND, THE NEXT LINE IS EXAMINED. THIS IS
125 ;CONTINUED UNTIL 100 LINES HAVE BEEN EXAMINED FOR THE PROPER NUMBER OF
126 ;TRANSITIONS.
127
128 ;RESISTER USAGE IN 'CENTER'
129 (AL) = N fMBER OF TRANSITIONS IN DATA LINE
130 ; (AH) = BYTES TO ADD TO DATA LINE POINTER
131 ; (BX) = DATA LINE POINTER. POINTS TO START OF DATA LINE IN 'SBCREG'
132 ; (CL) = LINE NUMBER
133 ; (CH) z 64H = 100 => THE LAST DATA LINE
134

0022 B90165 135 CENTER: MOV CX,6501H ;(CH)=65HI + LAST LINE. (CL)=1:--: FIRST LINE
0025 BBFEFF 136 NOV BX,-2 ;INITIAL VALUE OF DATA LINE POINTER
0028 B402 137 NOV AH,2 ;INITIAL DATA LINE POINTER INCREMENT
002A C606290364 R 138 NDV YMINSIZ ;SET INITIAL VALUE AT 64H
002F C6062B0364 R 139 NOV ZHINSIZ ;DITTO FOR ZMIN
0034 C6062B0301 R 110 NOV YMAX,1
0039 C6062A0301 R 141 MOV ZMAXI

142
0. O03E 3AE9 143 DUMP: CMP CHPCL ;HAVE WE FINISHED WITH LAST LINE?
0040 7503 144 JNE OVER ;NEED 'OVER' BECAUSE CONDITIONAL JUMPS MUST BE

145 ;LESS THAN +127 BYTES AWAY
0042 E98500 146 Jmp DONE
0045 020C 147 OVER: ADD BL,AH ;UPDATE DATA LINE POINTER, NOW BECAUSE WE CANNOT v'
0047 800700 148 ADC BH,O ;ADD A SINGLE BYTE TO BX, WE DO IT IN TWO STEPS

149 ;USING THE CARRY FLAG, 'CY'. N.B (BX)--0 ON
150 ;THE FIRST PASS THROUGH 'DUMP.'
151

004A BA870000 R 152 NoV ALSBCREGCBX] ;FIRST DATA BYTE -) TRANSITIONS IN DATA LINE
153

004E 8AEO 154 NOV AHAL ;WILL FORM DATA LINE POINTER INCREMENT IN AH
0050 FEC4 155 INC AH
0052 DOEI 156 SHL AN,I ;(AH)=2(AL+I), THE DATA LINE POINTER INCREMENT

157
0054 8A870200 R 15B NoV ALSBCREG[BX+2]
0058 3C64 159 CNp ALSIZ
005A 7405 160 JE SKIP ;IF NO SPOT, THEN GO TO NEXT DATA LINE
005C E8OAOO 161 CALL GOODOLN ;WILL UPDATE SPOT INFORMATION
005F EBDO 162 JMP DUMP ;GO TO NEXT DATA LINE £

163
0061 3ACD 164 SKIP: CMP CLCH ;THE LAST LINE?
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LOC OBJ LINE SOURCE

0063 7465 165 JZ DONE ;YES! SO WE JUMP TO THE FINAL CLEA-UP
0065 FECI 166 INC CL ;NO! SO WE RETURN TO 'DUMP' NI)

0067 E05 167 JNP Dtili ;EXAMINE THE NEXT LINE
168

0069 169 GOODLN PROC HEAR
0069 B00F000002 R 170 CMP SBCREG[BXJ],2 ;ONLY TWO TRANSITIONS?
006E 7419 171 JE TWOX ;IF SO, SPOT IS ON RIGHT EDGE

0070 3062903 R 172 CMP ALYMIN ;IF NOT, GET NORMAL CENTER. RECALL THAT
173 ;AL CONTAINS SBCREG[BX+2]

0074 7703 174 JA NI ;JNF' IF (AL) IS ABOVE YMIN, IE. CY FLAG = 0
175
176 ;RECALL THAT A CMF OPERATION SUBTRACTS THE SOURCE OR 2ND OPERAND FROM THE
177 ;DESTINATION OR 1ST OPERAND. IT DOES THIS BY ADDING THE TWOS COMPLEMENT OF THE
178 ;SOURCE OPERAND TO THE DESTINATION OPERAND AND A CARRYr-OUT FROM THE HIGH ORDER
179 ;BIT CAUSES THE CY FLAG TO SET TO O BECAUSE OF THE SUBTRACTION OPERATION.
180 ;AT LEAST THIS IS WHAT THE 8080 DOES? AND THIS FLAG IS THE SAMIE. IN THE 8086
181 ;THEY SAY THAT AFTER A SUBTRACT OPERATION 'CY' IS SET UPON A CARRY INTO'')
182 ;THE HOB OF THE RESULT!
183

.07e A22903 181 NOV YNINAL ;IF NO JUMP THEN UPDATE VALUE OF YMIN
0079 8A87040o R 185 NI: NOV ALSBCREGE:X+4] ;RIGHT EDGE OF SPOT
0070 3AO062803 : 186 CMP ALYMAX
0081 7230 187 J. Ni ;JUMP IF (AL) IS BELOW YNAX, OR C1 I
0083 A22803 R 188 NOV YMAXAL ;IF NO JUMP THEN UPDATE YMAX
0086 EB2B90 189 Jp NI ;JUMP AROUND 'TWOX'

-.--. 0089 8A870200 R 190 TWOX: NOV ALSBCREGCBX+2]
008D 808F030080 R 191 CMP SBCREGEBX+3],80H
0092 7211 192 JB REDGE ;HOB CLEAR DARK TO LIGHT TRANSITION, R EDGE
0094 C606290301 R 193 NOV YMIN, 1 ;HOP SET LIGHT TO DARK TRANSITION, L EDGE

" 0099 3A062803 R 194 CM? ALP YNAX
009D 7214 195 J8 Ni
009F A22803 R 196 NOV YNAX, AL
00A2 EBOF90 197 imp Ni
OOA5 C606280364 R 198 REDGE: NOV YNAX,64H ;WILL BE ON RIGHT EDGE
OOAA 3A062903 R 199 CNP ALbYMIN

%r . ,OOAE 7703 200 JA Ni
0080 A22903 R 201 NOV YINAL
0083 3AOE2A03 R 202 Ni: CNP CLPZMAX ;AT THIS POINT Z IS MEASURED DOWNWARD
0087 7204 203 JB N3 ;AND WE MUST COMPLEMENT Z AT END
0089 88OE2A03 R 204 NOV ZNAXCL ;UPDATE ZMAX
0080, 3AOE2803 R 205 N3: CM? CLZNIN
OOCI 7704 206 JA N9
00C3 BO0E2B03 R 207 NOV ZNINCL ;UPDATE ZIN
00C7 FECI 208 N9: INC CL
0CC9 C3 209 RET

o , 210 GOODLN ENDF
211

OOCA C606200300 R 212 DONE: NOV ISSO
OOCF 803E2B0364 R 213 CNP ZMIN,64H
OOD4 7500 214 JNE N5
OOD6 C606200301 R 215 NOV ISSI ;ZNIN 64H= NO SPOT, SO SHOT WAS A MISS'
O00B C606040001 R 216 NOV BADMISS,1 ;WE ARE 'REALLY FINISHED'
OOEO 0( E98300 217 JIIP READ
OOE3 803E280301 R 218 NS: CMP ZMIN,1
00E8 7505 219 JNE N6
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LOC 091 LINE SOURCE

OOEA C606230301 R 220 NOV UPI ;SPOT INCLUDED FIRST LINE ==> SHOT WAS HIGH
OOEF 903E2A0364 R 221 N6: CHP ZMAX,64H
W"F4 7505 222 JNE N7
0OF6 C606240301 R 223 NOV DOWl ;SPOT INCLUDED LAST LINE =a> SHOT WAS LOW
OOFB BO3290301 R 224 N7: CP YMIN,I
0100 7505 225 JNE N8
0102 C606220301 R 226 NOY LEFT,1
0107 803E2B0364 R 227 Ne: COP YNX,64H
010C 7505 228 JNE FINI
010E C606210301 R 229 NOV RICHTi1

230
0113 B065 231 FINI: NOV A065H
0115 ZA062A03 R 232 SUB ALZMAX
0119 8465 233 NOV AH,65H
0118 2A262803 R 234 SUB AH,ZNIN
OIF A22F03 R 235 NOV ZMINAL
0122 88262403 R 236 NOv ZMAXAH
0126 A02803 R 237 NOV AL,YNAX
0129 02062903 R 238 ADD ALFYNIN
012 8AIE0500 R 239 NOV BLOFFSETY ;HORIZONTAL BORESIGHT OFFSET
0131 02C3 240 ADD ALBL

' 0133 A22603 R 211 NOV YCNThAL ;YCNTR IN HALF-PIXELS FROM LEFT SIDE OF SCREEN
0136 A10100 R 242 NOV 8.YAL
0139 E:464 243 NOV AH,100
0138 2AEO 244 SUB AHrAL
013D 8AC4 245 NOv AL'AH
013F 98 246 CBN

" 0140 A32C03 R 247 NOV GAEYAX
0143 A33003 R 219 NOV SAVGAEYtAX
0146 A02A03 R 249 NOV AUAEAX
0149 02062803 R 250 ADD ALYZMIN
0140 8ATE0600 R 251 NOV BLtOFFSET_Z ;VERTICAL BORESI1T OFFSET
0151 02C3 252 ADO AL,BL
0153 A22703 R 253 NOV ZCNTRYAL ;ZCNTR IN HALF-PIXELS FROM BOTTOM OF SCREE0
0156 A20200 R 254 NOV B.Z,AL
0159 8464 255 NOV AH,100
0158 2AE0 256 SUB AHAL
015D BAC4 257 NOV ALAH
01SF 98 258 CBw
0160 A32E03 R 259 NOv GAEZAX
0163 A33203 R 260 NOV SAVGAEZtAX
0166 803E200301 R 261 READ: CMP MISS,X
0168 7518 262 JNE NEXTI
0160 A13003 R 263 NOV AX,SAVGAEY
0170 A32C03 R 264 NOV GAEYAX
0173 056400 265 ADD AX,100
0176 A20100 R 266 NOV B_YtAL

* 0179 A13203 R 267 NOV AXSAVGAEZ
017C A32E03 R 268 NOV GAEZAX
017F 056400 269 ADD AX,100

• 0182 A20200 R 270 NOV B.Z,AL
0185 8001 271 NEXTI: NOV ALI
0187 A2030r R 272 NOV DATARDYIAL ;THIS TELLS THE SLAVE PROCESSOR THAT NEW

- 273 ;DATA ARE READY.
018A IF 274 POP DS
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01835D 275 PUP r
OI CB9 276 E

277
279 YZCNTR EDP
279
280 CODE DOS
291
292 END~
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XREF SYMBOL TABLE LISTING

NAME TYPE VALUE ATTRIBUTES, XREFS

??SEC . SEGMENT SIZE=0000H PARA PUBLIC
BY . . . V BYTE 0001H XFER.SEG PUBLIC 40 41 242 266
8.Z . . . V BYTE 0002H XFER-SEG PUBLIC 40 420 254 270
BAD.hISS. V BYTE 000414 XFER-SEG 44* 216
CENTER. , L NEAR 0022H CODE 135#
CGROUF. *GROUP CODE "*11
CODE. . . SEGMENT SIZE:0180H PARA PUBLIC 'CODE' 9# 77 280
DATARDYI V BYTE 000314 XFER.SEG PUBLIC 40 43# 272
DGROUP. - GROUP STACK SBC.REGS XFER.SEG 8# 1111 11 84 102
DONE. . . L NEAR OOCAH CODE 146 165 212#
DOWN. . . V BYTE 0324H SBCREGS 56# 223
DUMP. L NEAR 003EM CODE 143* 162 167
FINI. . . L NEAR 0113H CODE 228 231*
GAEY V WORD 032CH SBCREGS PUBLIC 65# 70 247 264
"'-"".G.EZ, V WORD 032EH SBCREGS PUBLIC 66# 70 259 268
GOODLN. L NEAR 0069H CODE 161 169# 210
INITI L NEAR OOOOH EXTRN 81# 87
LEFT. . . V BYTE 0322H SBCREGS 54# 226
MISS. . . V BYTE 0320H SBCREGS 51* 212 215 261
NI. . . . L NEAR 0079H CODE 174 185#
N3. . . . L NEAR 0080H CODE 203 205#
N4. . . . L NEAR 0OB3H CODE 187 189 195 197 200 202*
N.. . . . L NEAR OOE3H CODE 214 218#

% N6. . . . L NEAR OOEFH CODE 219 221#
07, . . L NEAR OOFBH CODE 222 224*
NO. . . L NEAR 0107H CODE 225 227#
N9. . . . L NEAR 0OC7H CODE 206 208#
NEXTI L NEAR 018514 CODE 262 271#
OFFSET.Y, V BYTE 0005H XFER.SEG 45# 239
OFFSET.Z. V BYTE 0006H XFERSEG 46# 251
OVER. . . L NEAR 0045H CODE 144 147*
RDRAST - L NEAR O000H EXTRN 75# 105
READ. . . L NEAR 0166H CODE 217 261#
REDGE . L NEAR OOASH CODE 192 198#
RIGHT . . V BYTE 0321H SBC-REGS 53# 229
SAVGAEY . V WORD 0330H SBC.REGS 67# 248 263
SAVGAEZ . V WORD 0332H SBCREGS 681 260 267
SBCREGS, SEGMENT SIZE=0334N PARA COMON 6 49 72
SBCREG. , V BYTE OOOOH SBC.REGS 50# 152 158 170 185 190 191
SETRET. . L FAR OOOOH CODE PUBLIC 79 90496
SIZ . . . NUMBER 0064H 76# 138 139 159
SKIP, . . L NEAR 0061N CODE 160 164#
STACK . , SEGMENT SIZE=0080HPARA STACK 'STACK'
START-BIT V BYTE O000H XFERSEG 391 88
START-UP. L FAR 0000H EXTRN 3#
TO'.STK . V WORD 0080H STACK 15*

WeITWOX . . . L NEAR 00894 CODE 171 190*
UIP. . . . V BYTE 03234 SBC-REGS 55* 220
HAITO , , L NEAR OOCH CODE 88* 92
XFERSEG, SEGMENT SIZE:0007H PARA ABS 8* 36 47
YCNTR , V BYTE 0326H SBCREGS 58# 241
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NAME( TYPE VYL( ATTRIBUTESt WRES

yNAX . . . y BYTE 032814 SBC..RECS 60 140 186 188 1?1 196 198 227 237
YN. . . Y BYTE 03291 SBC-REGS 611 139 172 194 193 199 201 224 239
YZCNTR. . LIFAR 0016H CODEPUBLIC "9"9278 a

ZWNTR. . BYTE 03274 SBC..RECS 5" 253
ZIAX . .. Y BYE 032*1 SKCRECS 62# 141202 2042Z21 232 236 249

*w N. . . V OYM @323 SBC-lEGS 6W8 139 205 207 213 219 234 235 250 -

ASSEMBDLY COMPLETE? NO ERRORS FOLDS
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ISIS-II IXREF9 Vi.2

-IXREF :F2:TOW*IN.IXI, :FZ:TOWdFLP.IXIP :F2:TOWTAR.IXIt :F':TOWSPCIXIIVOE BYI
:F2:TODtJT.IXI PRINT(:F2I:TOWIX.REF) I
TITLE('NFS INTER-MODULE CROSS REFERENCE')

INTR-NOOUE CROSS-REFERENCE LISTING

*NAME . . .. . .*aATTRIBUTES; MODULE NAMES

ACNT . . . . . . , INTEGER; TOILTARGET-NODULE TOWFLICHTMODIJLE
ACTIVE-.TRACK . . . PROCEDURE; TOW-TARGELNMODULE TOWFLICHTMODULE

8-Y. ,# . . BYTE; Is UNRESOLVED Is TOWFLIGHTMODULE
82Z#, # o & o BYTE; Is UNRESOLVED Is TOWFLIGHTNODULE
COACH . . . . . . . PROCEDURE; TOW-SPEECH-MODULE TOIIFLIGHTMODULE
COUNT . . . . . . . INTEGER; TOWdFLIGHTIOOULE
CURRENT-.TRACK. . . BYTE; TOLTARCET-MODULE TDWFLIGHTNODULE MAIN-TOW-ODULE
DATA-RDY1 . . . BYTE; 11 UNRESOLVED 11 TOWFLIGHIMODULE
DCNT . . . . . . , INTEGER; TON.JARGETJIODULE TOWFLIGHTIIODULE
EPILOG .* * .. PROCEDURE; TOW-SPEECHJIODJLE NAIN..TOWJIODULE
FINISHED , BYTE; TOWFLIGHTMODULE TOILTARGET-IODULE NAIN-OW-ODULE
FIRE..ACAIN . . . . PROCEDURE; TOW-SPEECH-ODULE MAIN-ODW-HODULE
FLIGHT *.** .PROCEDURE; TOI4FLIGHTMODULE tIAIN..TOW-MODULE

*GAEY . . . . . . . WORD; is UNRESOLVED Is TOWFLIGHTMODULE
GAEYJ. . . . . . . REAL; TOWdLICHTMODULE MAIN-TOW-MODULE
GAEZ . . . . . . . WORD; Is UNRESOLVED is TOWFLIGHTMODULE

*GAEZF . . . . . . REAL; TOWFLICHTMODULE TOW-TARGET-IODULE MAIN-TW-ODULE
GROUNDED . . . . a PROCEDURE; TOW-TARGET-MODULE TONFLIGHTMODULE
GUIDANCE-LOST . . .BYTE; TOWFLIGHTMODULE TOW-SPEECH-MODULE RAIN-TOIJODUE
HILL-IMPACT. ,. BYTE; TOW-TARGET-MODULE TOW-SPEECH-iODULE TOWFLIGHTMODULE MAIN-OW-MODULE

*HTARG. .. * ,REAL; TOWFLIGHTMODULE TOW-TARGET-MODULE
HXZAS . . . . . . . PROCEDURE; TON-UTILITY
H-REPRISE . . . .* PROCEDURE; TOWFLIGHTMODULE 'IAIN-TOWJIODULE
INIT87 . . . . . . PROCEDURE; III UNRESOLVED six TOWFLIGHTMODULE
INITIATEVAR . . . . PROCEDURE; TOWFLIGHTMODULE HAIN-TOW-ODULE
INIL-STEPPER . . . PROCEDURE; TOW-UTILITY
LEFT **.*..,REAL; TOW-TARGEL-MODULE TON-SPEECH-ODULE TOWFLIGHTNODULE HAIN-TOW-MODULE
MISSILE.Z . . . . . REAL; TOWFLIGHTMODULE TOW-TARGEL-MODULE
MISS-COMtIENT . . .PROCEDURE; TOW-UTILITY MAIN-TOW-MODULE
MOERAT2 . . . . . ,PROCEDURE; Its UNRESOLVED xxx TOW..TARGETJIODULE
MOERCOS . . . PROCEDURE; is, UNRESOLVED III TOW-TARGET-MODULE
MGEREXP . . . . . . PROCEDURE; III UNRESOLVED six TOWFLICHTMODULE
MQERSIN . . . . . .PROCEDURE; Htx UNRESOLVED III TOW-TARGET-MODULE
MOERY2X. ..... PROCEDURE; III UNRESOLVED III TOW-TARGET-MODULE

*OFF-H. . . . REAL; TOWFLIGHTKODULE TOW-TARGEL-MODULE
PPI-SET. PROCEDURE; TOW-UTILITY MAIN..TOW-MODULE
PROLOG . . . . *,PROCEDURE; TOW-SPEECH-MODULE MAIN-OW..MODULE
QUIT ... *. .PROCEDURE; TOW-SPEECH-MODULE MAIN..TOILMODULE
RECEIVE . . . . . . PROCEDURE BYTE; TOW-TARGETJIODULE
RIGHT . . . .. * REAL; TOILTARGETJIOOULE TOW-SPEECH-MODULE TOWFLIGNTNOOULE MAIN-TOW-MODJLE
SEND ..... *,PROCEDURE; TOW..TARGET..MODULE MAIN-TOW-MODULE
SETRET . . . PROCEDURE; x1 UNRESOLVED Is t$AIN..TOW-MODULE
SHORT . . . . . . . REAL; TOWFLIGHTMODULE TOW-SPEECH-MODULE NAIN..TW-ODULE
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SOUD . . . . . . . PROCEDURE; TOW-UTILITY TOM..TARGETJIODULE TOWFLIG4TNODULE IIAIN..TW1MDULE
SPEEC14YIT . . . . BYTE; TOW-SPEECH-MODULE TOW-TARGETjHODULE TOWFLIGHTMOOULE -
SPEECHMISS . . . . BYTE; TOW-SPEECHLNODULE TON-TARGET-IOOULE TOWVLIGHTMODULE
START-UP . .... LABEL; MIiN-OW-MODULE

*TARGET-DATA . . . . PROCEDURE; TOW..TARCET-MODULE TOWFLIGHTMODULE
TARCET-LOC . . . . PROCEDURE; TOW-UTILITY

* ~TCNT .... * INTEGER; TOWLTARGEIJIODULE HAIN-TOWNODULE
TCOUNTOS. ... INTEGER; TOWTARGETjIODULE
THREE-SEC-FLAG *BYTE; TOWVLIGHTMODULE MAIN-.TOILNODULE

-. TRACK1. . . * .PROCEDURE; TOW-TARGET-M00ULE TOWFLIGHTMODULE
*TRAC-2 . . . . PROCEDURE; TOW..TARCETJIODULE TOWFLIGHTNOOULE

TRACK3. . . . . . PROCEDURE; TOWLTARCET-NODULE TOWFLIGHTMODULE
UP **** .REAL; TOW-TARGET-MODULE TON.SPEECJLNODULE TOWFLIG4TMODULE INTOWLflODULE
UPDATE-SOUNTS . .. PROCEDURE; TOW-TARGET-MODULE TOWFLIGHTNODULE
WIRE-BROKE . . ., BYTE; TOWdrLIGHTMODULE TOW-SPEECH-M00ULE NAIN-TOLNODULE

Xs#t 9 ii REAL; TOWFLIGHTMOOULE TOW-TARCET-MODULE
YZCNTR . * f PROCEDURE; III UNRESOLVED nx MAIN..TOW-MODIJLE
Z# z# # # i s REAL; TONVLICNTHOOULE TON-TARGET-MODULE

U3UNRESOLVEDI IN ASSEMBLY LANGUAGE CODEY EITHER TOWXF OR TOWIR
-ft ZzIUNRESOLVED112 FLOATING POINT LIBRARY PROCEDURES IN 9087 .LIB AND f

CEL87.LIB

MODULE DIRECTORY

- - - -- - - - - --

MODULE NAME. ft ft ft FILE NAME DISKETTE NAME

MAIN..TOW-NODULE. TOWMN.019 TON1O
TOWFLIGHTNODULE. *TOWLF.018 TOWlO
TOW-SPEECH-MODULE. TOWSPC.~009 TOW1O

* TOW.TARGET-MODULE. TOWTAR.005 TOWI1O
*TOW-UTILITY. ... TOWUT.006 TOW10
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ISIS-II PL/N-86 V2.1 COMPILATION OF MODULE TON.START-UP..MODULE
OBJECT MDL LCDI F:OS.B
COMPILER INVOKED BY: PLM86 :F1:TOWST.0&14 DEBUG ROM XREF OPTIMIZE(3 LARGE a

TITLE('0930 5 NOVEMB;ER 1982')

ITOW-START-JP-MODULE: DO;

1 DECLARE SCENE-COUNT LITERALLY '06DiMAX-.MENU-NO LITERALLY 'O1D';

3 1 DECLARE CARP3RET LITERALLY 'ODH't SPACE LITERALLY '20H'tBELL LITERALLY '07H';

4 1 DECLARE IDATA LITERALLY '008H'tIOSTATUS LITERALLY 'ODAH'tMASK LITERALLY '7FH';

5 1 DECLARE VECTOR-MODE LITERALLY '350 VALPHA iOIC' MODE LITERALLY '150'9

ADM3A_.MODE LITERALLY '300'PCRAPHICS-CLEAR LITERALLY '310'9
ADM3ACLEAP LITERALLY '320'iCLEARAL LITERALLY '330'?

HOhECUPSOR LITERALLY '140';

6 1 DECLARE COUNTER-2 LITERALLY 'ODWH'CONTROL LITERALLY 'OD6H'rI
CHTRLIMODE LITERALLY '096H',SETCOUNT LITERALLY '04H';
/FOR TIMER SETUP '

1 DECLARE USARTCOTO LIEAL OA'USART-MODE LITERALLY 'iEH'.

USAPT-COMMAND LITERALLY 3H

8 1 DECLARE LINE-FEED LITERALLY 'OAH';

9 1 DECLARE (DAY-SIGHTvSTARTING-TRAC(,TARGET-SWITCHFINAL-TRAC ,
EAST-WESTF CONTINUE) BYTE EXTERNAL;

10 1 DECLARE (RESPONSEGO-NOWMENU-NOMENU-DONESCENARIOrIvPREVIOUSRESPONSE) BYTE;

11 1 DECLARE (OK1?OK2&PTOTALY-OK) BYTE;

12 1 DECLARE SCENARIO-BUFFER (9) BYTE EXTERNAL;

*13 1 DECLARE (RESP1A5CIIRESP2&ASCIIRESP-1NUMRESK2Y--UM) BYTE;

14 1 DECLARE (SlCHT-FLAGTRACK-FLAGDONEOSAME) BYTE;

zTHE SCENARIOS ARE LISTED BELOW.

15 1 DECLARE SCENEO0 (U) BYTE DATA (CARPRPET);

- ~ 16 1 DECLARE SCENE_1 (s) BYTE DATA ('A'fCARR-RET,'H'PCARR-RET,'B',CARR-RET,
* 'S 1'rCAPP RETP'R 225'tCARR RETr'F 1'vCARF:RETt'E'tCARR-RETt

__ 'X 1500'YCARR-RETY'F' 2620'tCARR RETi'X 1000'iCARRRETq'C pCARPRETt
'B' ,CARR RET, 'I' ,CARRRETt'G'i'! 'r,');

*17 1 DECLARE SCENE-Z (1) BYTE DATA ('P',O1H,'A',CARR-RET,'H',CARR-RET.
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EB'tCARR-RETi'S 1'?CARR-RETY'R J73'!CARR-RETpF V.CARR RETt'CA;RF RET.
'x 76V'PCAPP-RET?,P 5240,tCARR-RET,'O ,CAFRETQO'',z,'PfO2HA',

**CARR-RET,'H',CARF:RETP'B',CARR-RET,'S 1,tCAR-RET.'R 17?, rAFRp RET,'F 1't
CARR-RET,'E'CARF:RETr'X 3812,CARR-RETiF 16'50,CARR-RET,'OCARR-RETD'',
'z',PP03H,'APCARR-RET'H,CAF:RET,'E',CARF-RET.'S VqCARR PET.'R 173',
CARR-RETr'F 1'?CARR-RETr'E'vCARP-RETy'FP 1650'iCARR-RET,'0',CARR RETD'Pl,z
'P',OiH'AYCARRRETH',CARR-RET,E:,tCARRRET?'S 1 fCARR-RETi'R 1',CARR-RET,
'F 1',CARRRETr'E'tCARRETFY 4361,CARR RET,'C'CARR-RET, E:,tCARR RET
'X 1000,fCARR FET,C',CARR RET.E:',CARRRET,FCARR-RET,QO,z'.'

*.'P',05H,'A'PCARRRET,'H',CARRRET,'E:,CARR-RET,'S 1',CARP-RET,'R 80'?
CARR-RET,'F 1,?CAR' RET.'ECAR: RETq'X 764',CARR-RET9'P 650'rCAPP-RET,'0,t

18 1 DECLARE SCENE-3 (1) B:YTE DATA ('F',OIH,'ACARR-RET,'H.CARR-RET,'B'y
CARR-RET,'S 1'tCARRRETPR 173',CARF-RET9'F 1,tCARP-RETE',CAPP-RET,
'X 764',CARR-RETtP 5240',CAR -RET,0 ,PCARR-RET'OP,z,'F",02H.A',
CARRT''CR-EBiARRT' 1,FCAR...RETt'R 173'?CAFR-RETr'F 1',
CARR-RETt'E',CARR-RET?'X 38L %CARR-RETF' 1650'YCARRRETtX 1091',CARR-RET,
'P 5240',CARR-RET,'0',CARR-RET, I'xP'03H'A'CARF RET,'HCARR-RET,
'B'iCARR-RET?'S ViCAPP-RET 'R 173'tCARR RET,'F 1 ,CARRETE'!CARF RET,
'P 500'?CARR-RET,'X il00,CARR-RETt'F' 0',CARR-RET,'0',CARR-RET'G''P',
0iH''A'CARR-RET,'HiCARR-RET,'E',CARRRET,'S 1',CARPRET ',CARP-RET?
TF 1',CARR-RETr'E'CARR RET!'X 4361VCARR R ET,'C' fCARP -ET 'B'oCARP-RET,
'X 15O0',CAP-RET,'C,?CARRRETE','CARRRET''CAR RET,'Do',i'I'F'P05H?
A',CARRRET,'H',CARR-RETY','CARP-RET,'S 1rYCARR-RETt'R 80'tCAPP-RETI,F 1',

CARR-RETi''CARP-RETp'X 384',CARP-RETfP 650',CARR-RET,'X 1091'?CAR ET
T ' 250'PCARR RETO 4',CARR RET,(t'P !i,;

19 1 DECLARE SCENE-4 (z) B~YTE DATA (IF'.OIH,'A'.CARR RET,'H''CAR: RETE:,f

CARR-RETt'S 1',CARR-UlilF 173'rCARF-RETt'F 1',CARP -ET.'ECAPP RET,
'X 764',CARRRPETtF 5240.-CARP RET,' ,CARRRET,''''F.02H.'A ,
CARR-RET,'H',CARR-RETE:,CAF'-RET,'S 1',CAPFFRETrR, 173',CARP-RET!'F 1
CARRRPET,''ECAPRPETv'X 382',CARFET.'F' 165O'.CARRRPET.0 .,CARP-RET,
'Q','''P,0O3H,'A',CARR-RET,'H'.CARF -RETEB'.CARRKRET,'S 1'vCARF RET,
'P 173'tCARRRET,'F 1.vCAPR-FETq'E',CARF-;ETF' 1650',CARP-PET-'O'CARR-pET?

'D''zP,0HACARREH'CAR:RE,'E~CAF'RT.S1 ,CAF:R,'RETi'k V-
CAPPFPET.'F !'CR ~'',CAFR PE 52 00',CAPF' ETi'C'9CARF RET.EV

S 1' PCARR-RETt 'F' 2q'' fCARF-PET -'F V1.CAPFF-ET. E' CAPF-PET,FP 150, CARP-RET,
'X 6000'yCARF'RET9,R 125'iCARF PET,'F ViCARF-RETi'F 650',CAR: R.ETt'0',

20 1 DECLARE SCENE r (w) EBYTE DATA (''pOH'A',CARRRPET,'HCARR PET?'E:,CARR RET,
'S I'vCARRRET,'R 156',CARR-RETv'F 1',CAPP-PETYE',CARR-RET,'F 5-140't
CARR-RET,'0,YCARF RET,'Q',''F,'02'H,'A,CARR ETrH'.CARR-RETE:',CARR RFET,
'S 1'vCARR-RETt'R 156',CARR-RET,'F 1',CARP-RET,'E',CAP'; RETv' 5 00'vCAR-RET,
'X i00'tCARRETt'P 0,FCARFFET'CRPTQx,F',0H'' R RET,
H',CARRRETT',CARF-RET,'S V,CARP:RETY'R 156,oCAR RET,'F 1'FCAPPFRETP'E'l

CARR-RETt'X 350'*CARR-F.ET.'F' 575'pCARRRPET.'X 425'yCAPRRRETt'P 0'9CARPR RET
- I 'O',CARRRET,'D',','F',04H,'A,CARR REH.AFREToB.CARR RETt'S V?

CARR-RETq9R 1',CARFF 'ET.'F VCAR'PET,'E'.CARR-ET9'X 4364',CARP-RET,'C,f

CAPP RETp'B,CARP RET.'X 1091'PCARR RET.C.'CAR' RETFE:,CAkR RET,
CARR RET,'','F'P,OSH,'A, CAF*-RET,'HCA'RR-ET,E',CARR-RET,'S 1',
CARP RETF'R 100',CARFRRET''F 1',CARP-RET,'E'vCARF-RET,'X 367',CAPPRETt
'P 650',CARR-RET,'X 51''CAF'R-RET,'P' 150,CAPR-RET,'X 545'9CARP RET.1L 30,
CAPPFRETt'P 650,YCARR-RET,','CARR-RETOG', '',I )
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21 I DECLARE SCENE-6 (1) BYTE DATA ('PrOlH'AYCARR-RET,'HFCARR-RETEF'PCARR RET,

Is VCARR RETv'R 173',CARR RET.'F 1',CARR RET.'E'CARR RETr'X 764',CARPR ET, I
P 'J240',CARR-RET,'0,PCARR-RET'',z,'YF,02H.'A.CARR -RET?,H'CARRRETr
B'CARRRET.'S 1'.CAR: REbF:R 173'pCARRRETpF 1',CARR -RETY'E'vCARR-RET,
P 2200'gCARR RETt'X 382''CARR RETi'P 1650'tCAR RETt'O,CARFET',x,'
P.03Ht'A'.CARFRET.'H' tCARRRETp'B'tCARRRET9'S [',CARR-RETt'R 173'?
CARR-RETt'F l'tCARPRETv'E'pCARRPRETvX 382'yCARPRETt'P 2100'tCARR RET
'X 425'?CARRRET.'F' 165OtCARR-RET.'O',CARR-RETO[Itz''POH'ACARF'RE1,
H'yCARRRETt'B'.CARRRETtS ViCARR-RETv'R 1,pCARRRETv'F 1,pCARRRETt'E~q
CARP-RETF'X 4364,PCARR-RET,'CtCARR-RETB.'CARR RPET,'X 82O',CARR-RET9'C?
CARR-RET,'EBCARR-RET,'O ,CARRRETG,O,P 'O5H,A',CARRRET,H,CARF'RET,
B''CARR RET,'S l',CARRRET,'R '4 .CARRRETt'F 1'qCARRRETyE'CARR RET,
P 650'pCARRRETrR 135'PCARR RET,'F 1,FCARR RET9,F 625'vCARRRETt'X 273'o
CARRPRET.'P 65OrCARRRETt'X 173.,CARFRET.'L 1~p7',CARRRET,FP 650'
CARF' RET, 0 ,CARR-RET PDF, I ')

I2 DECLARE GO-HOME (1) BYTE DATA ('H',CARRRET.'N 1'.CARRRETi'-'?CARRKRET.
'R 245'rCARR -RET,'EPCARR 'RETCG,CARR-RET,'TCARR RET, I YCARR-RETt
'Oe CARRRET. li');

2 I DECLARE RAISE-MOTOR (1) BYTE DATA ('F',PO'HA.'CARR 'RET,'HCARP RET,
'S ['PCARP RETt R ""-'CARRFPET, 'F I' tCARP RET? E' CARR RET,

2~1 DECLARE LOWEKMR ; BYTE DATA i'H, CARR RETo'S 1'rCARP RET t
'R 1^;'pCARP RET.'F 1'.CARP RET,'E',CARRRET,'-''CARPR FETi'N 700' .C'ARR RET!
'C'CARFRET.' I',CARR FET?0',CARR RETt'0D'CARRET'l''-

zCOMMENTS PRINTED ON THE SCREEN E:Y THE PRINT PROCEDURE ARE LISTED B:ELOW.

2~ I DECLARE HELLO ( EBYTE DATA (CAPR-RET,LINE-FEEDLINE-FEED,LINEFEE'.LINE-FEEDI
'STAC*E-T TRAINER VERSION 1.0 tCARRRET,LINEFEED, ''');

16 1 DECLARE FOO-EAH (1 BYTE DATA ('I TOLD YOU THIS 'f& 8TFRAINER CAN'T 'y
'DO THAT''I'.CAR-RET,LINE-FEED.',fl)

2 7 1 DECLARE HELLOCON (s) BYTE DATA (CARRRET.LINEFEED,'NEED A MENU' ~Y OR' N)',
CARR RET-LINE FEED, '";

218 1 DECLARE ITEM-1 (1) BYTE DATA ('ITEM 1: TANiF MOV.ES TO THE CENTER OF THE'
TRACV AND STOP-S ,CARRRETLINEFEED,'i');

29 1 DECLARE ITEM2 () BYTE DATA ('ITEM 2: FRONT TANV' RISES FROM TRENCH, MOVINC',
*WESTP AND EECOMES THE TARGET'.CAFR RETpLINEFEED,' CENTER AND
'REAR TAMKS MOVE FROM EAST TO WEST INTO COVER' iCAR; ET LINE..FEED, '

30 1 DECLARE ITEM 3 liz ETTE DATA ('ITEm 3: FRONT TAN RISES FROM TRENCH MOVING
* WEST. THEN SINI'S AGAIN',CARRE7.LINEFEED,' CENTER TANK MOVES

WEST INTO COVER; THEN REAPPEA;S. MOVING EAST'.CAPRKRET.LINEFEED,'
AND B:ECOMES THE TARGET. REAR TAN[ MOVES OUT, THEN RETREATS TO 't

CAFPPET.LINEYFEED.' ITS REAR INTO COVER',CARF RET, LNEJEED."'x;
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31 1 DECLARE ITEM-i (1) BYTE DATA ('ITEM 4: CENTER AND REAR TANKS MOVE EAST TO '

WEST INTO COVER'tCARR-RETYLINE-FEED.' FRONT TANK RISES FROM TRENCH'?
AND EBECOMES TARGET AS CENTER AND.-CARRRET.LINEFEED,' REAR TANKS't
DISAPPEAR'tCAR'-RETLINE-FEED, ''');

32 1 DECLARE ITEM 5 (1) BYTE DATA ('ITEM 5: FRONT TANK RISES FROM TRENCH AND
'TRAVERSES HILLY TERRAIN'PCARR-RETPLINE-FEED,' CENTER AND REAR '

TANKS APPEAR, THEN RETREAT INTO COVER'qCARRRETvLINEFEED,''');

33 1 DECLARE ITEM-6 Cs, FYTE DATA iUITEM 6: FRONT TANK MOVES WEST OVER ROUGH
'TERRAIN'TCARR-RETtLINE-FEEDi. CENTER AND REAR TANKS MOVE WEST 'y
'THROUGH COVER AND THEN FETREAT'yCARRRETpLINEFEED,' BACK INTO IT',
CARRRET.LINEFEED,' '

31 1 DECLARE PACE-COMMENT (1) BYTE DATA (CAFRRRET'LINE-FEED.LINE-FEEDLINE-FEEDi
LINE-FEEDFLINE-FEED,'FPAGE 1');

35 1 DECLARE SINGLEJAGE (1) BYTE DATA (LINE-FEEDY'F'RESS 'E' TO EXIT MENU.'r
CARF:RET.LINE-EE.LINE.FEED, I');

36 1 DECLARE FIRST PACE (1) EBYTE DATA (LINE-FEEDt'PRESS 'N' TO SEE THE NEXT PAGEP,
'E' TO EXIT MENUPLINE-FEEDCARR-RET,LINE-FEED,'Z');

37 DECLAR:E CENTER-PAGE (1) BYTE DATA (LINE-FEED.'F'RESS 'N' TO SEE THE NEXT PAGEY'.
1P' TO SEE THE PREV.IOUS PACE, 'E' TO EXIT MENUtLINEEEDtCARRETf

LINE-FEED-'' ;

3,1 1 DECLARE LAST PAGE (1) BYTE DATA (LINE-FEED9'PRESS 'P' TO SEE THE PREVIOUS
PAGE? 'El TO EXIT MENU' ,LINE-FEEDCARR-RETLINE-FEED,"'l);

3Q : DECLARE FOO 11) B:YTE DATA (' THIS STAGS-T TRAINER CAN'T DO THAT!!'
CARP-RETPLINE-FEEDY''l)

40 1 DECLARE REGUEST (1) BYTE DATA (CARR-RET'LINE-FEEDLINE-EEDLINE.FEED
.LINE-FEEDt'WHICH ITEM ?? i');

41 1 DECLARE SICHT..O (a) BYTE DATA ('DO YOU WISH TO USE THE DAYSIGHT (D) OF THE i
'NIGHTSIGHT (N)' 1)

4: 1 DECLARE TRACKO0 (s) BYTE DATA ('WHICH TRACK Do YOU WISH TO RUN THIS SCENARIO'v
ON'vCARR_.RETLINEFEED.' (I= FRONTo CENTER. AND 3 =REAR)? ,''

q3 I DECLANE ITEM...FTRS-1 (1) POINTER DATA(@ITEM1.@ITEM2.ITEM3.@ITEM',ITE5,
@ITEM-6);

zTHE FOLLOWING SUBROUTINE INPUTS A BYTE OF ASCII DATA FROM THE TERMINAL

ii I CIN:PROCEDURE BYTE;
DO' WHILE NOT SHR(INPUT(IOSTATUSl),1);

*46 3 END;
47 2 RETURN MASK AND INPUT(IODATA);

48 2 END CIN;
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/ZIZZZlllIIRRRIIZI IIZII llllllllhI llllUlz I l~~zIIllIIIIIIIIIIIlIxlzlgll

.- a THE FOLLOWING SUBROUTINE OUTPUTS A BYTE OF ASCII DATA TO THE TERMINAL

49 1 COUT: PROCEDURE (ITEM);
50 2 DECLARE ITEM BYTE,
51 2 DO WHILE NOT(INPUT(IOSTATUS));

52 3 END;
53 2 OUTPUT(IOOATA)=ITEM;
54 2 CALL TIME(15);
55 2 END COUT;

.'- /IIZZlRlRRllllIIZlZlIllIllllllllllXRIllllllllZllXXIlIIIIZXlIlllIlllII/

/I / THE FOLLOWING ROUTINE OUTPUTS A CHARACTER TO THE 8741 WHEN CALLED FROM I/
/: THE MAIN PROGRAM I/

56 1 OUTP'T: PROCEDURE (OUTDATA);
57 2 DECLARE OUTDATA BYTE, STATCOM BYTE AT (OFOOOH), PDATA BYTE AT (OF002H);
58 2 DO WHILE NOT SHR(STATCOM,1); /i WAIT UNTIL UPI41 IBF = 0 /
59 3 END;
60 2 PDATA = NOT OUTDATA; /i NOT BECAUSE MULTIBUS INVERTS x/
61 2 END OUTFT:

62 1 PRINT: PROCEDURE(F'NTR); /I PROMPTS THE CONSOLE x/
63 2 DECLARE I WORD;
64 2 DECLARE F'NTR POINTER,

CHAR BASED PNTR (1) BYTE;/ CHAR MUST BE AN ARRAY TO KEEP 'LM HAPPY x/
65 2 I = 0;
66 2 LOOP: DO WHILE CHARM 0 '1';
67 3 CALL COUT(CHAR());
68 3 1 = I + 1;
69 3 END LOOP;
"70 2 END PRINT;

"-"" /IIIIIIIIIIIlIIIIIIIXIZIIIIRIIX'RRIIII IIXIIIIIRZIIIIIII'IRZR,'

- THIS PROCEDURE SENDS AN ENTIRE PROGRAM (OR 'SCENE'), POINTED TO BY
P PROGPTR, TO THE CY512

7 71 1 TANKPROG: F'ROCEDURE(PROGPTRLENGT);
72 2 DECLARE PROGPTR POINTER, LENGT WORD, (ITEM BASED PROG.PTR) (1) BYTE,

C WORD;
73 2 C = 0;
74 2 DO WHILE C < LENGT;
75 3 CALL OUTPT(ITEN(C));
76 3 C = C + 1;
77 3 END;
8 2 END TANKPROG;

. THIS PROCEDURE SENDS ALL THE MOTORS TO THEIR HOME POSITIONS.
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. 79 1 RESET-MOTORS: PROCEDURE;

80 2 1 = 0;
" 81 2 DO WHILE I < 4;

82 3 1:+I 1;
83 3 CALL OUTPT('P');

"". 81 3 CALL OUTPT(I);
85 3 CALL TANK PROC(@GO-HOMESIZE(GO-HOME));

,.. 86 3 END;

87 2 CALL OUTPT( 'P);
88 2 CALL OUTPT(OSH);
89 2 CALL TANK-PROG(@LOWERMOTORSIZE(LOWERMOTOp));

90 2 END RESETMOTORS;

/I OUTPUTS PAGE I OF THE MENU z'

91 1 MENUI: PROCEDURE:
92 2 RESPONSE z 0;
93 2 CALL PRINT(@FAGECOMMENT):
94~ CALL COUT'm';

* 95 2 CALL COUT(CARRRET);
96 2 CALL COUT(LINEFEED);
97 2 CALL COUT(LINE.FEED);

98 2 10
9Q 2 DO WHILE I LENCTH(ITEMPTRS_1);

too 3 CALL PRINT lTEetPTRS_ 1 I)
101 3 1 = I + 1;
102 3 END;

103 2 CALL PRINT(@SINGLEF'AGE);
104 2 END MENUI;

/I OUTPUTS PAGE 2 OF THE MENU /

105 1 MENU.2: PROCEDURE;
106 2 RESPONSE o 0;
107 2 END MENU.2;

*' /z OUTPUTS PAGE 3 OF THE MENU '"

108 1 MENU.3: PROCEDURE;
109 2 RESPONSE = 0;
110 2 END MENU.3;

/I OUTPUTS PAGE I OF THE MENU I/

III I MENU.4: PROCEDURE;
112 2 RESPONSE = 0;
113 2 END MENU4;
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/I OUTPUTS PAGE 5 OF THE MENU z/

11 1 MENU.5: PROCEDURE;
115 2 RESPONSE = 0;
116 2 END MENtU5;

117 1 GIVE.NU: PROCEDURE;

" 118 2 CALL RINT(OHELLO.CON);

-1' 19 2 RESPONSE = 0;

120 2 RESPONSE = CIN;
121 2 CALL COUT(RESPONSE); /I ECHO PRINT I/

12 2 IF (RESPONSE = 59H) OR (RESPONSE 79H) THEN /I UPPER OR LOWER CASE 'Y iI
123 2 MENU: DO;

*12 1 3 CALL COUT(CARR-RET);
125 3 CALL COUT(LINE.FEED);

126 3 MENU-DONE = 0;
127 3 MENU-NO = 1;
128 3 CALL COUT(VECTORMODE);
129 3 CALL COUT(CLEARALL);
130 3 CALL COUT(HOME-CURSOR);
131 3 CALL TIME(2000);
132 3 CALL MENUI;
133 3 DO WHILE NOT MENU-DONE;
134 4 SAME = 0;
135 1 O0 = 0;
136 4 RESPONSE = CIN;

137 1 IF (RESPONSE 4EH) OR (RESPONSE 6EH) THEN D0; /I UC OR LC 'N'
139 5 IF MENU-NO. MAXMENUNO THEN D0;
141 6 MENU-NO MENU-NO + 1;
142 6 Of',
143 6 END;
144 5 ELSE DO;
145 6 SAME = 1;
146 6 CALL COUT(BELL);
147 6 END;
148 5 END;

149 4 IF (RESPONSE = 50H) OF (RESPONSE 70H) THEN DO; /I UC OR LC 'P sI
151 5 IF KENUNO 1 THEN DO;
153 6 MENU-NO = MENU.NO - 1;

. 154 6 OK z I;
155 6 END;
156 5 ELSE DO;

,'"157 6 SAME = 1;

158 6 CALL COUT(BELL);
159 6 END;
160 5 END;

161 1 IF (RESPONSE 45H) OR (RESPONSE 65H) THEN DO;
163 5 MENU-DONE 1; /Z UC/LC 'E' I/
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164 5 OK 1;
165 5 END;

166 4 IF NOT MENU-DONE THEN IF NOT SAME THEN IF OK THEN DO;
170 5 CALL COUT(CLEARALL);
171 5 CALL COUT(HOME-CURSOR);
172 5 CALL TIME(2000);
173 5 DO CASE (MENU-NO - 1);
174 6 CALL MENUI;
175 6 CALL MENU_2;
176 6 CALL MENU.3;
177 6 CALL MENU_4;
178 6 CALL MENUS;
1 7 9 6 END;
180 5 END;

181 4 END;

182 3 END MENU;
183 2 ELSE D0;
184 3 CALL COUT(CARRRET);
185 3 CALL COUT(LINEFEED);
186 3 END;

187 2 CALL COUT(CLEAR-ALL);
188 2 CALL COUT(HOME.CURSOR);
189 2 CALL TIME2000);

190 2 END GIVEMENU;

191 1 TANK.INIT: PROCEDURE PUBLIC;

TANKINIT PROCEDURE BEGINS HERE

I.'-. /IIIIlRRIlXXlXlZZIIZlI~IZ IIZ IIIR IIIIZllIZIIIlNIl lllZlZ/"

- RESET ALL MOTORS TO STARTING POSITIONS.
1"- .- IIfhIIIII||IIzIIIIIIIIIIII|IIIIIIIZXIxzgIxzuzxI zzzII|XIxxxznxzxz/I

1-2 2 CALL RESET-MOTORS;

" 19? 2 CALL COUT(VECTOR-MODE);
194 2 CALL COUT(CLEAR.ALL);
195 2 CALL COUT(HOMECURSOR);

0O 196 2 CALL TIME(2000);

197 2 COMMENTI:

CALL PRINT(@HELLO);

198 2 CALL CIVEMENU;

. 199 2 OKIOK2,TOTALYOKCO.NOWRESPONSEPREVIOUS-RESPONSE = 0;
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200 2 GET.ITEN: DO WHILE NOT TOTALYOK;
/Z WAIT TILL A PROPER MENU ITEM IS ENTERED I/

201 3 CALL PRINT (#REQUEST);

202 3 OK.i: DO WHILE NOT OK;
203 4 RESPLASCII - CIN;
204 4 RESPIN z RESPIASCII-30H;
205 4 IF (RESP.IASCII < 3AH) AND (RESP-1_ASCII 30H) THEN /I IS BETWEEN 1 1 9 a/
206 4 DO;
207 5 CALL COUT (RESP.IASCII);
208 5 OKI = 1;
209 5 END;
210 4 ELSE CALL COUT(BELL);
211 4 END OK..1;

212 3 OK_2: DO WHILE NOT OK2;
213 4 RESP_2.ASCII = CIN;
214 4 RESP_2_NUi = RESP-2-ASCII - 3OH;
215 4 IF ((RESP_2_ASCII < 3AH) AND (RESPF2_ASCII 29H)) OR (RESF2_ASCII CARRRET) THEN
216 4 DO;
2117 5 IF RESP_2_ASCII <> CARRET THEN CALL COUT (RESP_2_ASCII);
S219 5 OKI = 1;
120 5 END;
2.I 4 ELSE CALL COUT(BELL);
222 4 END OK-2;

223 3 IF RESP_2_ASCII K" CARRRET THEN '.
. 224 3 DO;

225 4 RESP_1_NUM = RESPI.NUM I IOD;
226 4 RESPONSE = RESPF'-NUM + RESPZNUM;
227 4 SCENARIOBUFFER (6) = RESPIASCII;
228 4 SCENARIO-PUFFER (7) RESP.2_ASCII;
229 4 GONOW z 0;

- 230 4 END;

231 3 ELSE DO;
232 4 RESPONSE RESP_1.NUM;
233 4 SCENARIO-PUFFER (6) = SPACE;
234 4 SCENARIOBUFFER (7) = RESPIASCII;
235 4 GO-NOW CARR-RET;
236 4 END;

237 3 IF RESPONSE K= SCENE-COUNT THEN TOTALYOK 1;

239 3 ELSE DO;
240 4 OKIOK2 z 0;

, 241 4 IF RESPONSE > PREVIOUS-RESPONSE THEN CALL PRINT(@FOO); r
243 4 ELSE CALL PRINT(@FOOBAH);
244 4 CALL COUT(CARR.RET);

, 245 4 CALL COUT(LINE-FEED);
- 246 4 CALL COUT(BELL);

247 4 PREVIOUS-RESPONSE RESPONSE;
* 248 4 CALL GIVE-MENU;

249 4 END;
250 3 END;

251 2 SCENARIO RESPONSE;
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252 2 WAIT-GO:
DO WHILE GO-NOW CARR.RET; /s WAIT FOR CARRRET z/

253 3 GO-NOW = CIN;
254 3 IF GO-NOW CARRRET THEN CALL COUT(BELL);
256 3 END WAIT-GO;

2c7 2 CALL COUTICARRRET);
258 2 CALL COUT(LINEFEED);

i SET FLAGS:
' SIGHT-FLAG = I INSTRUCTOR HAS A CHOICE OF DAY OR NIGHT SIGHT
z TRACKFLAG = I INSTRUCTOR HAS A CHOICE OF WHICH TRACK TO USE
x EAST-WEST = I== TARGET WILL START FROM THE EAST
z STARTING-TRACK THE TRACK THE SCENARIO WILL START ON 
' TARGET-SUITCH 0 ==. THERE WILL BE NO TARGET SWITCH
, FINAL-TRACK ==: TRACK TO SWITCH TO IF THERE IS A SWITCH
I CONTINUE ==- SYNCHRONIZES DIGITALKER 2

259 2 SIGHTFLAGEASTWEST = 1;
260 2 TRACKFLAGTARGET.SWITCHFINALTRACK 0;

261 2 FLAG.SET:DO CASE (SCENARIO);

--. -:" 262 3 FLAG-SET-O:DO; /i DO CASE EXPECTS Or BUT THERE IS NEVER SCENARIO 0 1/
263 4 END;

264 ? FLAGSETI;00;
265 1 TRACKFLAG = 1;
266 4 END;

267 3 FLAG.SET_2'DO;
268 4 STARTINGTRACK 1;
269 4 END;

270 3 FLAGSET_3:DO;
271 4 STARTING-TRACK 2:
272 4 END;

273 3 FLAG.SET_4:O0;
274 4 STARTING-TRACI' 1;

. 275 4 END;

276 3 FLAGSET,5:DO;
Z77 4 STARTINGTRACK 1;
278 4 END;

279 3 FLAGSET_6:DO;
280 4 STARTING-TRACK 1;
281 4 END;

282 3 END FLAG-SET;
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283 2 DONE 0;

.184
284 2 IF SIGHT-FLAG THEN DO WHILE NOT DONE: /I WE HAVE A CHOICE OF DAY/NIGHT SIGHT I/
286 3 RESPONSE c 0;

287 3 CALL PRINT(eSIGHTO);
288 3 RESPONSE = CIN;
289 3 CALL COUT(RESPONSE);
290 3 CALL COUT(CARR.RET);
291 3 CALL COUT(LINEFEED);
292 3 CALL COUT(LINEFEED);
293 3 IF (RESPONSE 44H) OR (RESPONSE 64H) THEN DO; /I UC OF LC 'D' if
295 4 DONE = 1;
296 4 DAY-SIGHT 1; /1 USE DAY SIGHT z/
297 4 END;

298 3 IF (RESPONSE 4EH) OR (RESPONSE = 6EH) THEN DO: /I UC OR LC *N* I/
300 4 DOE = 1;
301 4 DAY-SIGHT 0; /1 USE NIGHT SIGHT Il

" 302 4 END;

" 303 3 IF NOT DONE THEN CALL COUT(BELL);

305 3 END;

,. 306 2 DONE =;

307 2 IF TRACK-FLAG THEN DO WHILE NOT DONE; /Z WE HAVE A CHOICE OF TRACK /

309 3 RESPONSE =0;
310 3 CALL PRINTI@TRACK.O);
311 3 RESPONSE = CIN;
312 3 CALL COUT(RESPONSE);
313 3 CALL COUT(CARR.RET);
314 3 CALL COUT(LINE.FEED);
315 3 CALL COUT(LINEFEED);
316 3 IF (RESPONSE "- 30H) AND (RESPONSE < 34H) THEN DO;
318 4 STARTING-TRACK = RESPONSE - 3OH; /I SELECT STARTINC TRACK I/
319 4 DONE = 1;
320 4 END;
321 3 ELSE CALL COUT(BELL);

322 3 CALL TANK.PROG(@RAISE.MOTORSIZE(RAISE MOTOR));

323 3 END;

* 324 2 CONTINUE i; /1 USED TO SYNCHRONIZE OPERATIONS WITH 'DIGITALKER' I/

325 2 END TANKINIT;

-. 4

326 1 TANK-START: PROCEDURE PUBLIC; /I CALL AFTER SCREEN PRESENTATION COMPLETE I/

327 2 CALL OUTPT('T');
328 2 CALL OUTPT(STARTING-TRACK);
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329 2 IF TRACK-FLAG THEN DO;
331 3 CALL OUTPT('P');
332 3 CALL OUTPT(STARTINGTRACK);
333 3 END;

334 2 DO CASE (SCENARIO); *

335 3 CALL TAN.PROG(SCENEOSIZE(SCENE.O));
336 3 CALL TANICPROG(@SCENE ,SIZE(SCENE-1)
337 3 CALL TANPROG(ISCENE.2,SIZE(SCENE_2));
338 3 CALL TAN.PROG(ISCEE_3fSIZE(SCENE-3));
339 3 CALL TANKPROG(eSCENE.4,SIZE(SCENE4));
340 3 CALL TAN-PROG(SCENE_5,SIZE(SCENE.5)); '
341 3 CALL TANK-PROG(@SCENE-6,SIZE(SCENE_6));

. 342 3 END; -'

343 2 CONTINUE =1;

344 2 END TAHK.START; ,ri

W WE NOW WISH TO STOP THE TANKS INEDIATELY AND WAIT FOR RESET. .
- ~IIIlI~lzlxlzIlllzllllll zzzzIllIxIll IllIIllZIIIIIuIlzI~lllhllIIlI/ "'"

. 345 1 TAN-KILLED: PROCEDURE PUBLIC;

346 2 CALL OUTPT('R'); /I RESET ALL CY512S I/

'347 2 END TANK-KILLED;

348 1 END TOWSTARTUPIODULE;
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S.... .. . . . . . . . .. . . . . . . .

CROSS-REFERENCE LISTING

DEFN ADDR SIZE NAME ATTRIBUTES AND REFERENCES

5 AOD3A.CLEAR. . . . . LITERALLY
5 ADM3A.MODE . . . . . LITERALLY
5 ALPHA-I41MODE. . . LITERALLY
3 BELL . . . . . . . . LITERALLY 146 158 210 221 21% 255 304 321

72 0002H 2 C ........ . WORD 73 74 75 76
3 CARR-RET ...... LITERALLY 15 16 17 18 19 20 21 22 23 24 25-

26 27 28 29 30 31 32 33 31 35 36 37 38 30 -.

40 A2 95 124 184 215 217 223 235 214 252 254 257 20
313

37 0987H 83 CENTERPAGE. . . . . BYTE ARRAY(83) DATA
61 0O0004 I CHAR . . . BYTE BASED(PNTR) ARRAY(1) 66 67
44 OBOEH 21 CIN. . . . . . . . . PROCEDURE BYTE STAC=0002H 120 136 203 213 253 288 311
5 CLEAR-ALL. . . . . LITERALLY 129 170 187 191
6 CNTR2NODE. . . . . LITERALLY

197 OE2CH COIINENT1 . . . . . . LABEL
9 OOOOH 1 CONTINUE . . . . . . BYTE EXTERNAL(5) 324 343
6 CONTROL. . . . . . . LITERALLY
6 COUNTER2. . . . . . LITERALLY

49 0823H 34 COUT . . . . . . . . PROCEDURE STACK=000H 67 94 95 96 97 121 124 125
128 129 130 116 158 170 171 181 185 187 188 193 191 195
207 210 218 221 241 215 216 255 257 258 2189 290 291 292,
304 312 313 311 315 321

9 OOOOH I DAY-SIGHT . . .. . BYTE EXTERNAL(O) 296 301
14 0014H I DONE ........ BYTE 283 285 295 300 303 306 308 319
9 O000H I EAST-WEST. . . . . . BYTE EXTERNAL(i) 259
9 OOOOH I FINAL-TRACK. . . . . BYTE EXTERNAL(3) 260

36 0952H 53 FIRST-PAGE . . . . . BYTE ARRAY(53) DATA
261 OFDAH FLAG-SET . . . . . . LABEL
262 OFE7H FLAGSETO . . . . . LABEL
261 OFE7H FLAGSET1 . . . . . LABEL
267 OFEEH FLAGSET_2 . . . . LABEL
270 OFEEH FLAGSET.3 . . . . . LABEL
273 OFF9H FLAGSET_ . . . . . LABEL
276 OFF9H FLAG.SET5 . . . . LABEL
279 OFF9H FLAGSET6 LABEL
39 OA13H 40 FOO. . . . . . . . . BYTE ARRAY(40) DATA 212
26 056AH 51 FOOBAH. . . . . . . BYTE ARRAY(51) DATA 243

200 OECH GET-ITEM . . . . . LABEL
1 117 OCSIN 382 GIVE-MENU. . . . . . PROCEDURE STACK=OOI4H 198 218
22 04E7H 26 GO-ROME. . . . BYTE ARRAY(26) DATA 85
10 0005H 1 GONOW....... BYTE 199 229 235 252 253 254
5 GRAPHICS-CLEAR. LITERALLY

25 0547H 35 HELLO . . .. BYTE ARRAY(35) DATA 197
. 27 05AOH 26 HELLOCON. . . . . . BYTE ARRAY(26) DATA 118

5 HOME-CURSOR, . . . LITERALLY 130 171 188 195 r
10 0009H 1 I ...... . . BYTE 80 81 82 84 98 99 100 101
63 000H 2 1 o ...... WORD 65 66 67 68

INPUT. . . . . . . . BUILTIN 45 47 51
- IODATA . . . . . . . LITERALLY 17 53
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- 4 IOSTATUS ...... LITERALLY 45 51

.- 72 OOOOH I ITEM ....... BYTE BASED(PROGPTR)ARRAY(1) 75
. 49 0004N 1 ITEM, BYTE PARAMETER AUTOMATIC 50 53

28 058AH 58 ITEMI... BYTE ARRAY(S8) DATA 43
•n29 05F4H 141 ITEM-'2 BYTE ARRAY(141) DATA 13

30 0681H 243 ITEM_3 ....... BYTE ARRAY(243) DATA 43
, .. 31 0774H 163 ITEM-i... BYTE ARRAY(163) DATA 43
•32 0817H 130 ITEM.5 ....... BYTE ARRAY(130) DATA 43

"-. . 33 0899H 145 ITEM_6 ....... BYTE ARRAY(115) DATA 43
"' 43 O000H 24 ITEM-PTRS-1, POINTER ARRAY(6) DATA 99 100

im 38 09DAH 57 LAST-PACE,,. BYTE ARRAY(57) DATA
l..71 O004H 2 LENCT . .. .... WORD PARAMETER AUTOMATIC 72 71

LENGTHEE. ..IEAL .5 .6 .7 28 29I 3039393 3

-'' 36 37 38 39 40 42 96 97 125 185 245 258 291 292
314 315

66 0B74H LOOP'. .. .... LABEL

214 0523H 36 LOWER-MOTOR,... BYTE ARRAY(36) DATA 89
i.- MASK . .. .. LITERALLY 47

MAX-M-- 2 OA. .N._.O. LITERALLY 139
'- 123 OCBOH MENU . .. .... LABEL
"-"91 OCOIH 88 MENU-1. ., PROCEDURE STACK=OOIOH 132 174
'- 105 0C59H 10 MENU_2 . ., PROCEDURE STACK=OOD2H 1751p O C3 0 MENU_3 ....... PROCEDURE STACK=OOO2H17

"." III OC6DH I1, MENU_4 . ., PROCEDURE STACK=OOO2 177
Ili.11 OC77H 10 MENU.5 . ., PROCEDURE STACK=OOO2H 178
10 0007H I MENU-DONE,... BYTE 1216 133 163 166
10.Z I 0006H I MENU-NO,.... BYTE 1 27 139 141 151 153 173Ii 0015H I OK ... BYTE 135 112 151 164 168

11 I O00BH I OKI#, BYTE 199 202 208 240
11000OCN I OK2# #... .#* BYTE 199 212 219 240

202 OE61H OK-1t o. .. LABEL
I il 212 OE96H 0!(.2 6.. . 6. # LABEL

56 0004H I GUTDATA, . . , BYTE PARAMETER AUTOMATIC 57 60
56 OBI5H 38 OUTPT# .. .. # PROCEDURE STACK=OOO4H 75 83 84 87 88 327 328 331

332 346
:,."OUTPUT ...... BUILTIN 53
.34 092AH 12 PAGE-COMMENT .... BYTE ARRAY(11) DATA 93

--- 62 O0004H 4 PNTR . .. .. ... POINTER PARAMETER AUTOMATIC 64 66 67
1.: 0 O00AH I PREVIOUS-RESPONSE. . BYTE 199 241 247

" "6Z 086BH 38 PRINT# . .. .... PROCEDURE STACK=OOOCH 93 100 103 118 197 201 X42 213
Le .2 87 310

.-. 71 0006H I PROG_PTR . ., POINTER PARAMETER AUTOMATIC 72 75
,-"57 FOO2H 1 P.DATA . . #, BYTE AT ABSOLUTE 60
'--23 0501H 34 RAISE-MOTOR., BYTE ARRAY(34) DATA 322
,.- 40 OA3BH 20 REQUEST., , #, BYTE ARRAY(20) DATA 201
,-,"79 OBB7H 74 RESET-MOTORS .### PROCEDURE STACK=00I2H 192
o..10 0004H I RESPONSE . ., BYTE 92 106 109 112 115 119 120 121 122 136 137 14?

.''"161 1"9 226 232 237 241 217 251 286 288 289 293 298 309
S311 312 316 318

• )13 O00EH I RESP.1.ASCII ... # BYTE 203 204 205 207 227 234
-.Z 13 0010H I RESPINUfl ., BYTE 204 2205 226 232

1.' 3 O00FH I RESP_2.ASCII .. , BYTE 213 214 215 217 218 223 228
•,.. 13 0011H I RESP_2.NW #, BYTE 214 '26
-"14 0016H I SAME #. .. . BYTE 134 145 157 167
-''.10 0008H I SCENAIO . ., BYTE 251 261 331
".'"12 OO00H 9 SCENARIO-BUFFER,.. BYTE ARRAY(9) EXTERNAL(6) 217 228 233 231

O39
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15 0018H I SCENE_. ..... . BYTE ARRAY(l) DATA 335
16 O019H 52 SCENEI. . . . . BYTE ARRAY(52) DATA 336
17 O04DH 205 SCENE_2 BYTE ARRAY(205) DATA 337
18 OIAH 241 SCENE_3, . BYTE ARRAY(241) DATA 338
19 020BH 212 SCENE_4. . . . . . . BYTE ARRAY(212) DATA 339
20 02DFH 248 SCENE5. . . . . . . BYTE ARRAY(248) DATA 340
21 03D7H 272 SCENE6. . . . . . . BYTE ARRAY(272) DATA 341
2 SCENE-COUNT. . . . . LITERALLY 237

*6 SETCOUNT . . . . . . LITERALLY
S #R ..... . BUILTIN 45 58

14 O012H I SIGHT-FLAG . . . . . BYTE 259 284
41 OA4FH 60 SIGT_0. . . . . . . BYTE ARRAY(60) DATA 287
35 0936H 28 SINGLE-PAGE . . . . BYTE ARRAY(28) DATA 103

SIZE ........ BUILTIN 85 89 322 335 336 337 338 339 340 341
3 SPACE........ LITERALLY 233
9 OOOOH I STARTING.TRACK . . BYTE EXTERNAL(1) 268 271 274 277 280 318 328 332
57 FOOOH I STATCOM . . . BYTE AT ABSOLUTE 58

191 ODFFH 797 TANK-INIT. . . . . . PROCEDURE PUBLIC STACK=0018H
345 11C6H 18 TANYKILLED. . . . . PROCEDURE PUBLIC STACK=0O08H
71 0891H 38 TANIKPROG, . . . . . PROCEDURE STACK=OOOEH 85 89 322 335 336 337 338 339 "

340 341
326 IIICH 170 TANK-START . . . . PROCEDURE PUBLIC STACK=OOIH"
9 00OOH I TARGET-SWITCH. . . . BYTE EXTERNAL(2) 260

TIME . .. . . . .. BUILTIN 54 131 172 189 196
11 000D0 1 TOTALYOK. . . . . . BYTE 199 200 238
I OBOEN TOW.START.UP-MODULE. PROCEDURE STACK=OOOOH

14 0013H I TRACK-FLAG . . . . . BYTE 260 265 307 329
42 OABH 93 TRACKQ. . . . . . BYTE ARRAY(93) DATA 310 t
7 USARTCOMAND. . . LITERALLY
7 USARTCONTROL. LITERALLY
7 USART.HODE . . . . . LITERALLY
5 VECTOR-ODE. . . . . LITERALLY 128 193

252 OF8FH WAITGO. . . . . . . LABEL

MODULE INFORMATION:

CODE AREA SIZE = IIDBH 4568D
CONSTANT AREA SIZE = 000 D
VARIAPLE AREA SIZE = 0017H 23D
MAXIMUM STACK SIZE = 0018H 24D
652 LINES READ

.-'. 0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION
14
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SIS-II PL/M-86 V2,1 COMPILATION OF MODULE NAT-GRAPH
-: 'JECT MODULE PLACED IN :F2:GRAPH,OBJ

OMPILER INVOKED BY: PLM86 :F2:GRAF'HPLM DEBUG LARGE OPTIMIZE(3) ROM WORKFILES (:F2:,:F2:)

1 NATGRAPH: DO;
2 DECLARE XREG LITERALLY '14H',

YREG LITERALLY '16H',
GSCALE LITERALLY '1OH'?
SCROLL LITERALLY '12H'?
FLAGS LITERALLY '12H',
ERASE LITERALLY '14H';

3 I DECLARE (XREGDATA, YREGDATA, GSCALEVAL) BYTE PUBLIC;
4 I DECLARE (YANG_:YTE,ZANGBYTE) BYTE PUBLIC;
5 1 DECLARE BITBUCKET BYTE;
6 1 DECLARE (XMINYMINXMINTMP,XMAXTMP,YMIN-TMP) INTEGER;
7 1 DECLARE (SIZHALFSIZ,YANGCSCALEDZANGSCALED,YMAXXMAXTMP,

TMPWRD,ONETHIRD,TWO-THIRDS) INTEGER PUBLIC:
8 1 DECLARE kYANGEIRD!ZANGBIRD) INTEGER EXTERNAL;

MAT-OUT OUTPUTS AN XY,GSCALE-VAL TO THE
MATROX GRAPHICS UNIT.

- 1 MAT-OUT: PROCEDURE PUBLIC;
10 2 OUTPUT (XREG) z LOW(UNSIGN(XMINTMP)l;
11 2 OUTPUT (YREG) = LOW(UNSIGN(YNIN));
12 2 OUTPUT (GSCALE) = GSCALEVAL;
13 2 END MAT-OUT:

14 1 LINE: PROCEDURE PUBLIC:
15 2 IF YMIN 0 AND YMIN /= 255D THEN DO;
17 3 DO WHILE XMAXTMP >= XMINTMP;
18 4 IF XMINTMF : 0 AND XMINTMP <: 255 THEN CALL MAT-OUT;
--, 4 XMINTMF XMINTMP + 1;
21 5 END;

2-'3 END:

23 2 END LINE;

24 1 MATROYSTARTUF: PROCEDURE PUBLIC;

25 2 OUTPUT (SCROLL) = 0;
26 2 OUTPUT (GSCALE) = 0;

* 27 2 BIT-BUCKET = INPUT (ERASE); /'INITIATE ERASE CYCLER!
28 2 DO WHILE (NOT(INPUT(FLACS))); /z WAIT TILL MATROX IS FINISHED ERASING I/

> 29 3 END;
30 2 END MATROXSTARTUF;

* 31 1 MATROXDRAW: PROCEDURE PUBLIC;
32 2 YANG-SCALED =YANGBIRD; /I WAS YANG-BIRD / 4 R/
33 2 ZANG-SCALED :ZANGBIRD; /I WAS ZANGBIRD / 4 If
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34 2 YANG-BYTE z LOW(UNSIGNkYANG-SCALED + 127D));

35 2 ZANGBYTE = LOW(UNSIGN(ZANGSCALED + 127D));

36 2 HALF.SIZ SIZ/2;

37 2 XMIN = (127D + YANG-SCALED) - HALFSIZ;

38 2 YMIN = (127D + ZANG-SCALED) - HALFSIZ;

39 2 XMAX z 4127D + YANG-SCALED) + HALFSIZ;

40 2 ThAX = (127D + ZANG-SCALED) + HALFSIZ;

41 2 ThP =

42 2 ONE_THIRD YMIN + TMP;

43 2 TWO-THIRDS YMIN + (TMP 1 2);

4 2 Do WHILE YMIN 
.ONE-HIRD;

q5 3 TMPKURD ONE-THIRD - YMIN A

46 3 JMIN-TMP TMP-WRD + XMIN;

4' 3 XMAX-TMP XMAX - TMFyRWD;

48 3 CALL LINE;

49 3 YMIN YMIN + 1;

50 3 END;

51 2 DO WHILE YMIN TWO-THIRDS;

52 3 XMINTMP= XMIN;
53 3 XMAXTMF' = XMAX;

54 3 CALL LINE;

55 3 YMIN = YMIN + 1;

56 3 END;

5 2 DO WHILE YMIN YMAX;

58 3 TMPWRD = YMIN - TWOTHIRDS;

59 3 XMIN-TMP = TMPWRD + XMIN;

60 3 XMAXTMPF= XMAY - TMF'_WRD;

61 3 CALL LINE:

62 3 YMIN = YMIN + 1;

63 3 END;

64 2 END MATROX-DRAW;

65 1 END;

MODULE INFORMATION:

CODE AREA SIZE : 0175H 3730

" CONSTANT AREA SIZE = OO0H OD

S. VARIABLE AREA SIZE = 0024H 36D

MAXIMUM STACK SIZE = O01ZH 180

89 LINES READ

0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION
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ISIS-II PL/M-86 V2.1 COMPILATION OF MODULE SMOKE
OBJECT MODULE PLACED IN :F2:SMOKE.OBJ

- COMPILER INVOKED BY: PLM86 :F2:SMOKEPLM DEBUG LARGE OPTIMIZE3) ROM WORKFILES (:F':P:F2:)

SMOKE: DO;

2 1 DECLARE (SERIES NO, DONE, BACKGROUND, PATH) BYTE PUBLIC;

3 1 DECLARE FLAGS LITERALLY 'I2H';
4 I DECLARE GSCALE LITERALLY '10H';
5 1 DECLARE (GSCALEVALDATA.RDYIBIRD.DTRDYVREPFLAGYHREPFLAG) BYTE EXTERNAL;
6 1 DECLARE (SAVEYANGBIRD, SAVEZANGBIRD) INTEGER PUBLIC;

• 7 1 DECLARE SIZ INTEGER EXTERNAL;
- 8 1 DECLARE SAVESIZ INTEGER;

9 1 DECLARE (SAVE.NEW.YANG.BIRDSAVE.NEWZANCBIRDSAVENEWSIZ) INTEGER;
1 10 1 DECLARE (DISTANCE) WORD EXTERNAL;
11 1 DECLARE (YANGBIRDtZANG-BIRD) INTEGER EXTERNAL;

- 12 1 DECLARE ERASE LITERALLY '14H';
13 1 DECLARE COUNT-DOWN BYTE;

* 14 1 DECLARE COUNT-DOWNINITVAL LITERALLY 5;

15 1 MATROY DRAW: PROCEDURE EXTERNAl;
16 2 END MATROXDRAW;

17 i OUTPUTSMOKE: PROCEDURE;
18 2 DECLARE BITBUCKET BYTE;
19 2 OUTPUT (GSCALE) = BACKGROUND;
20 2 OITBUCKETz INPUT (ERASE);
21 2 END OUTPUT-SMOKE;

22 1 GETGVANDOSIZ: PROCEDURE PUBLIC;

23 2 IF DISTANCE <~3000 THEN DO; /I WAS 500 1/
25 3 SI: = oo;

26 3 GSCALE VAL 15D;
27 3 GOTO SKIP;
-28 3 END;

29 2 IF DISTANCE 300D AND DISTANCE .= 400D THEN DO;
- 31 3 SIZ = 9D;
- 32 3 GSCALEVAL 15D;
L 33 3 GOTO SKIP;

34 3 END;

35 2 IF DISTANCE > 4000 AND DISTANCE <z 5000 THEN DO;
37 3 SIZ = 9D;
38 3 GSCALE.VAL 150;
39 3 GOTO SKIP;
40 3 END;

41 2 IF DISTANCE 500D AND DISTANCE <= 6000 THEN DO;
43 3 SIZD= 7;.
44 3 GSCALEVAL = 15D;
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- 45 3 GOTO SKIP;
46 3 END;

47 2 IF DISTANCE > 600D AND DISTANCE <= 7000 THEN DO;

49 3 SIZ = 6D;
50 3 GSCALEVAL 15D;
51 3 GOTO SKIP;
52 3 END;

53 2 IF DISTANCE > 7000 AND DISTANCE <'= 9000 THEN DO;
55 3 SIZ = 5D;

: 56 3 GSCALEVAL 150;
" 57 3 COTO SKIP;
* 58 3 END;

59 2 IF DISTANCE 900D AND DISTANCE <= 1000D THEN DO;
61 3 SIZ = W
62 3 GSCALEVAL 15D;
63 3 COTO SKIP;
64 3 END;

65 2 IF DISTANCE > 1000D AND DISTANCE <= 1100D THEN DO;
67 3 SIZ =3D;

" 68 3 GSCALEVAL 150;

69 3 COTO SKIP;
70 3 END;

71 2 IF DISTANCE > 1100D AND DISTANCE <= 1200D THEN DO;
73 3 SIZ = 20;
74 3 CSCALE-VAL 15D;
75 3 COTO SKIP;

" 76 3 END;

77 2 IF DISTANCE > 12000 AND DISTANCE .= 1300D THEN DO;
79 3 SIZ = ID;
80 3 GSCALEVAL : 150;
81 3 GOTO SKIP;
82 3 END;

83 2 IF DISTANCE >13000 THEN GSCALEVAL 15D;

., . /llIIIZlllllllZlIX I llllZIII IIII IIIRI llXZ lllIlllXllZ II

IF DISTANCE 14000 AND DISTANCE < 1500D THEN GSCALEVAL = I0D;
IF DISTANCE 15000 AND DISTANCE 16000 THEN GSCALEAL =9;
IF DISTANCE :: 16000 AND DISTANCE := 17000 THEN CSCALEVAL = 8;
IF DISTANCE > 17000 AND DISTANCE <:= 1000 THEN GSCALE.VAL = 7;
IF DISTANCE ; 18000 AND DISTANCE 19000 THEN GSCALEVAL = 6;
IF DISTANCE :19000 AND DISTANCE 20000 THEN GSCALEVAL = 5;
IF DISTANCE >2 000D AND DISTANCE <= 21000D THEN GSCALEVAL ;
IF DISTANCE > 21000 AND DISTANCE <= 2200D THEN GSCALE.UAL 3 ;"
IF DISTANCE > 22000 AND DISTANCE < 2300D THEN GSCALEVAL 2;
IF DISTANCE >23000 AND DISTANCE <= 24000 THEN CSCALEVAL 1;
IF DISTANCE > 24000 AND DISTANCE <= 25000 THEN GSCALE.VAL 0;

85 SKIP: END;
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86 1 SMOKEINIT: PROCEDURE PUBLIC;
87 2 SERIES-NO = 0;
98 2 DONE = O;

89 2 BACKGROUND = 0;' 90 2 COUNT-DOWN = COUNT-OOWNINITVAL;
91 2 END SNOKEINIT;

92 1 SllOKE : PROCEDURE PUBLIC;
-V-

93 2 DO CASE SERIES-NO;

94 3 SERIESO: DO;

95 4 BACKGROUND = BACKCGOUND + i;
96 4 IF BACKGROUND = 15D THEN SERIES.NO SERIES.NO + 1;
98 4 END;

99 3 SERIESI: DO;

100 4 BACKGROUND = BACKGROUND - 1;
* 101 4 IF BACKGROUND = 8 THEN SERIES-NO SERIES-NO + 1;

103 4 END;

104 3 SERIES-2: DO;
105 4 BACKGROUND = BACKGROUND + I;

106 4 IF BACKGROUND = 15D THEN SERIES-NO SERIES-NO + 1; '

108 4 END;

*109 3 SERIES3: DO;
110 4 BACKGROUND BACKGROUND - 1;
111 4 IF BACKGROUND = 4 THEN SERIESNO SERIES-NO + I;
113 4 END;

114 3 SERIES_4: DO;

115 4 BACKGROUND =BACKGROUND + 1;
116 4 IF BACKGROUND = 8 THEN SERIES.NO SERIES-NO + 1;
118 4 END;
119 3 SERIES.5: DO;
120 4 BACKGROUND = BACKGROUND -1;

121 4 IF BACKGROUND = 0 THEN SERIES-NO SERIES-NO +1;

* 123 4 END;
124 3 SERIES_6: DO;
125 4 BACKGROUND = o;

" 126 4 DONE 1;
127 4 END;

* 128 3 END;
129 2 END;

130 1 OCTAGON-DRIVER: PROCEDURE PUBLIC;

O 131 2 IF NOT (V-REP-FLAG OR H-REP.FLAG) THEN DO;

133 3 COUNT-DOWN = COUNT-DOWN -1;

134 3 IF (NOT DONE) OR (COUNT-DOWN = 0) THEN DO;
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136 4 IF DONE THEN
137 4 DO;
138 5 GSCALE.VAL = BACKGROUND;
1395 PATH z O;
140 5 SAVE.NEWYANGBIRD = YANG-BIRD;
141 5 SAVENEW.ZANG.BIRD z ZANG-BIRD;
142 5 SAVE.NEWSIZ = SIZ;
143 5 YANG-BIRD = SAVE.YANGBIRD;
144 5 ZANG-BIRD = SAVEZANGBIRD;
145 5 SIZ = SAVESIZ;
146 5 IF (INPUT(FLAGS)) THEN CALL MATROX.DRAW;
148 5 YANG-BIRD = SAVENEWYANG-BIRD;

" 149 5 ZANG-BIRD = SAVE.NEWZANGBIRD;
150 5 SIZ = SAVE.NEWSIZ;

, 151 5 END;

152 4 IF DISTANCE / 1OOD THEN PATH 1;
154 4 IF PATH= 1 THEN
155 4 DO;
156 5 CALL SMOKE:
157 5 CALL SMOKE;
158 5 IF (INPUT(FLAGS)) THEN CALL OUTPUT-SMOKE;
160 5 PATH 0;
161 5 END;

ELSE
162 4 DO;
163 5 CALL GETGVANDSIZ;
164 5 IF BACKGROUND >= GSCALEVAL THEN GSCALEVAL BACKGROUND:

1665 DO WHILE NOT EIRDDTRDY;
167 6 IF DATARDYI THEN RETUPN;
16? 6 END:

170 5 SAVE.YANGBIRD YANG-BIRD;
171 5 SAVEZANGBIRD = ZANG-BIRD;
172 5 SAVE.SIZ = SIZ;

* 173 5 IF (INPUT(FLAGS)) THEN CALL MATROX.DRAW;
-' 175 5 PATH = 1;

- 176 5 END;
177 4 IF COUNT.DOWN 0 THEN COUNT-DOWN COUNTDOWNINIT.VAL;
179 4 END;
180 3 END;
181 2 END;
182 1 END;

MODULE INFORMATION:

CODE AREA SIZE = 036FH 879D
CONSTANT AREA SIZE = O000H OD

* VARIABLE AREA SIZE z 0012H 18D
MAXIMUM STACK SIZE = OOOAH 10D
212 LINES READ

* 146
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PL/M-86 COMPILER SMOKE

~ 0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATIONIL
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ISIS-II PL/M-B6 V2. 1 COMPILATION OF MODULE GAE
OBJECT MODULE PLACED IN :FI:GAE.OBJ
COMPILER INVOKED BY: PLM86 :FI:GAE.PLM DEBUG LARGE OPTIMIZE(3) ROM WORKFILES (:FI:,:FI:)

GAE: DO;
2 I DECLARE (START.BIT,BY,BZ, DATA_RDY,BAD_MISS, OFFSET Y, OFFSET.Z,

V.REP.FLAGH-REP.FLAGDAYSIGHT)BYTE EXTERNAL,
" .~,*. (YANGBIRDZANGBIRD) INTEGER EXTERNAL,

(BIRDDTRDY, BIRD.HITS, BIRD.MISSES, HREP.RQ,
H.REPGOVREP_ROVREPGO, GRND.BIRD, ENDREPRISE, FELL-SHORT)
BYTE EXTERNAL,
(H.MISSASCII,VHISS-ASCII,X.MISSASCII) (22) BYTE EXTERNAL?
AUTO.BORESIGHT BYTE EXTERNAL,
DISTANCE WORD EXTERNAL,
FARJARGET BYTE EXTERNAL;

3 I1 DECLARE STARTING-TRACK BYTE EXTERNAL; -"
I 1 DECLARE (OFFSET-YIOFFSET-Y2,OFFSET.Y3,OFFSETZIOFFSET-Z2,OFFSETZ3)

BYTE PUBLIC;
5 1 DECLARE (NOFFSETYINOFFSET.YZNOFFSET Y3,NOFFSET ZINOFFSET-Z2,NOFFSET.13)

BYTE PUBLIC;

6 1 DECLARE ALPHA-MODE (2) BYTE DATA (350370);
S' 7 1 DECLARE POINT-MODE (2) BYTE DATA (350,340);

a 1 DECLARE VECTOR-MODE (1) BYTE DATA (350);
9 1 DECLARE ADM3_MODE (3) BYTE DATA (350,370,300);

10 1 DECLARE BUFFER (10) BYTE;
11 I DECLARE (YCNTYZCNT' CYTE PUBLIC;
12 1 DECLARE (GAE-OFFSET,H-X-GRAPHIC-POINT, H.Y.GRAPHICPOINT) WORD:
13 1 DECLARE YSCALEFACTOR LITERALLY '82D';
I I DECLARE PASS BYTE;
15 1 DECLARE FAST BYTE PUBLIC;
16 1 DECLARE ERRNSG (1) BYTE DATA (35000,100,500,1230,370,

'" ERROR LIMIT EXCEEDEDIZ',35O);

17 1 PRINT: PROCEDURE (MESSAGE, MSG.LENGTH) EXTERNAL;
18 2 DECLARE MESSAGE POINTER;
19 2 DECLARE MSG-LENGTH WORD;
20 2 END PRINT;

21 1 GAE.INIT: PROCEDURE PUBLIC;

22 2 BUFFER (0) 2 360;
23 2 BUFFER (1) c 360;

p e21 2 BUFFER (2) = 360;
25 2 BUFFER (3)a360; V
26 2 BUFFER () = 360;
27 2 BUFFER (5) = 360;
28 2 BUFFER (6) = 360;
29 2 BUFFER (7) = 360;

0.1 30 2 BUFFER (8) = 360;
. 31 2 BUFFER (9) = 360;

5%* 32 2 FAST s 0;
33 2 DISTANCE 0;
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34 2 H.XGRAPHICPOINT 0;
35 2 H.YGRAPHICPOINT 0;

36 2 BAOMISS = 0;
37 2 AUTOBORESIGHT = 0;
38 2 END GAEINIT;

" 39 1 GRAPH.GAE: PROCEDURE PUBLIC;

40 2 DECLARE TEMP WORD;

41 2 IF AUTOBORESIGHT = 1
THEN DO;

43 3 IF DAY-SIGHT THEN DO CASE (STARTING-TRACK AND 03H);
45 ;
46 4 DO;
47 5 OFFSETY, OFFSETYI = OFFSET.YI + (100 - B.Y);
48 5 OFFSET.Z, OFFSET.Z1 = OFFSETZI + (100 - BZ);
49 5 END;
50 4 DO;
1 5 5 OFFSETY, OFFSET.Y2 = OFFSET.Y2 + (100 - BY);

" 52 5 OFFSET-Z, OFFSETJ2 = OFFSETZ2 + (100 - BZ>;
53 5 END;
54 4 DO;
55 5 OFFSET-Y, OFFSETY3 = OFFSETY3 + (100 - BY);
56 5 OFFSETZ, OFFSETZ3 = OFFSETZ3 + (100 - EZ);
57 5 END;
58 4 END; /2 DAY-SIGHT DO CASE i/

59 3 IF NOT DAY-SIGHT THEN DO CASE (STARTING-TRACK AND 03H);
61 4
62 4 DO;'
63 5 OFFSETY, NOFFSET.YI = NOFFSETYI + (100 - B.Y);
64 5 OFFSETZ, NOFFSETZI = NOFFSETZI + (100 - B.Z);
65 5 END;
66 4 DO;
67 5 OFFSETY, NOFFSET.Y2 = NOFFSETY2 + (100 - B.Y);
68 5 OFFSETZ, NOFFSET.Z2 = NOFFSETZ2 + (100 - BZ);
69 5 END;
70 4 DO;
71 5 OFFSETY, NOFFSETY3 = NOFFSET.Y3 + (100 - BY);
72 5 OFFSET-Zt NOFFSET-73 = NOFFSETZ3 + (100 - B.Z);
73 5 END;
74 4 END; /I NIGHT-SIGHT DO CASE I/

75 3 IF OFFSETY >= 20 THEN CALL PRINT(PERR.MSG, LENGTH(ERR.NSG));
O77 3 IF OFFSET.Z >= 20 THEN CALL PRINT(PERR-NSG, LENGTH(ERR.MSG)); t

79 3 AUTOBORESIGHT 0;

80 3 END; /z IF AUTOBORESIGHT z/

81 2 IF NOT BAD-MISS THEN b
82 2 DO;
83 3 YCNT 8-Y;
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-4 - - ,

84 3 ZCWT B-Z;
85 3 END;

86 Z FAST 1;H

87 2 IF PASS 0OTHEN DO;

89 3 TEMP = (YCNT I 790) /200;

90 3 IF YCNT <1000 THEN

91 3 DO;
92 4 H..X.GRAPHIC..POINT (395D TEMP);
93 4 IF H-REP-LAG OR V-REP..FLAG THEN H-X-RAPHIC-POINT H-X-RAPHIC-POINT/41
95 4 H-X-RAPHIC-POINT = HX-GRAPHIC-POINT + GAE-OFFSET;
96 4 END;

97 3 ELSE DO;
98 4 H-XCRAPHIC-POINT =(TEMP - 395D);
99 4 IF H-REP-FLAG OR V F:EF-FLAG THEN H-XGRAFPHIC-POINT =H-XGRAPHIC-POINT/l.;

101 1 H-X-RAPHIC-POINT =CAE-OFFSET - H-X-RAPHICF'JINT;
102 1 END;

103 3 IF H-XGRAPHIC-POIN.T >10000 THEN HX-RAPHIC-POINT 1000D;
105 3 IF H-XGRAPHIC-POINT K0 THEN H-X-RAPHIC-POINT 0;

107 3 IF FAR-.TARGET THEN H-YCRAPHIC..POINT =(DISTANCE + 36001 6;
109 3 ELSE H..Y..RAPHIC..POINT (DISTANCE /3, + 60D;

110 3 IF H-Y-RAPHIC-POINT > 779D THEN H-Y-RAPHIC.POINT =7790;

112 3 END;

113 2 ELSE DO;
11i 3 TEMP =(ZCNT x79D)/ 200;

-:115 3 IF ZCNT <1000 THEN

116 3 DO;
*117 1 H-X..RAPHIC..POINT (395D TEMP);

118 4 IF H-REP-FLAG OR V-REPJLAG THEN H-X-RAPHIC-POINT H-XGRAPHIC-POINT/2;
120 4 H-X-RAPHIC-POINT GAE-OFFSET - H-XGRAPHIC-POINT;
121 4 END;

122 3 ELSE o0;
123 4 H-XGRAPHIC-POINT (TEMP - 3950);
124 4 IF H-REP-FLAG OR V-REF-JLAG THEN H.X-GRAF'HIC..POINT H-XGA'HIC POINT/';
126 4 H-..GRAPHIC..POINT =GAE..OFFSET + H-XGRAPHIC-POINT;
127 4 END;

F128 3 IF H-XGRAPHIC-POINT >10000 THEN H-Y-RAPHIC-POINT =1000D;
130 3 IF H-X-CRAF'HIC-POINT 0 THEN HX-GRAPHIC-POINT =0;
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132 3 IF FAR-TARGET THEN HY.GRAPHICPOINT (DISTANCE + 360D) / 6;
134 3 ELSE HYGRAPHIC.POINT = (DISTANCE / 3) + 60D;
135 3 IF H.Y.GRAPHICPOINT 779D THEN HYGRAPHICPOINT 7790;

* 137 3 END;

138 2 OUTPUT: DO;
139 3 BUFFER (0) = 340; /z GO TO POINTMODEz/
140 3 BUFFER (1) = (SHR (HYGRAPHICPOINT,5) AND 00011111B) OR O0100000;:
141 3 BUFFER (2) = (H.YGRAPHICPOINT AND 00011111B) OR 01100000B;
142 3 BUFFER (3) = (SHR (HXCGRAPHICPOINTP5) AND 00011111B) OR 00100000B;
143 3 BUFFER (4) z (H.X.GRAPHICPOINT AND 00011111B) OR O1000000B;
144 3 IF BAD-MISS THEN
145 3 DO;
146 1 BUFFER (5) = 370; /1 GO TO ALPHA NODE I/
147 4 BUFFER (6) = 520; /1 SEND ASTERISK i!
148 4 CALL PRINT (@BUFFER, 7);
149 END;

150 3 ELSE DO;
- 151 4 CALL PRINT (@BUFFER,5);

" - 152 4 END;
153 3 END;

* 154 2 END GRAPHGAE;

155 1 GAE-ORIVER: PROCEDURE PUBLIC;

156 2 DO;
157 3 IF V.REPFLAG = 1 THEN D0;
159 4 GAE.OFFSET = 6750;
160 A PASS x O;
161 4 CALL GRAPH.GAE;
162 4 GAEOFFSET z 300D;
163 4 PASS = 1;
164 4 CALL GRAPHGAE;
16f 4 BAD-MISS = 0;
166 1 END;

167 3 IF H-REF'.LAG = 1 THEN DO;
169 4 GAEOFFSET 6750; /I THERE ARE 20 GU'S PER METER DURING REPRISE I/
170 4 PASS x 0; /1 IN THE HORIZONTAL MISSILE PLOT (PASS 0). x/
171 4 CALL GRAPH.GAE;
172 4 GAEOFFSET 225D /I THERE ARE 20 CU'S PER METER DURING REPRISE I/
173 4 PASS = 1; /1 IN THE VERTICAL MISSILE PLOT (PASS 1). 1/

- 174 4 CALL GRAPHGAE;
: 175 4 BAD-MISS = 0;
, 176 4 END;

177 3 IF NOT (H-REP-LAG OR V-3EP-LACI THEN DO;
179 4 CAE-OFFSET =675D;
180 4 PASS =0;
181 4 CALL CRAF'H-AE;
182 4 GAE.OFFSET = 255D;
183 4 PASS = 1;
184 4 CALL GRAPHCGAE;

1.51
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'" 185 4 BAD-MISS 0;186 4 END;

; "187 3 END;

188 2 END GAE DRIVER; J
189 1 END;

MODULE INFORMATION:

CODE AREA SIZE = 0550H 13600
CONSTANT AREA SIZE = 00004 O0
VARIABLE AREA SIZE = 0022H 34D
MAXIMUM STACK SIZE = 0016H 22D N:

2417 LINES READ
0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION
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ISIS-Il MCS-86 MACRO ASSEMBLER V2.1 ASSEMBLY OF MODULE EXPLOSION
OBJECT MODULE PLACED IN :FI:EXP.OBJ
ASSEMBLER INUOKED BY: ASM86 :FI:EXP.SRC DEBUG

LOC OBJ LINE SOURCE

I NAE EXPLOSION
2
3 PUBLIC HIT.EXPLOSIONYGROUND-EXPLOSIODSET-FLGtRESET.FLG
4
" CGROUP GROUP CODE
6
7 DATA-GROUP GROUP DGROUP,DATAFOR.EXP
8 ASSUME CS:CGROUPDS:DATAGROUP
9

-- 1- 10 OGROUP SEGMENT PUBLIC 'DATA'
11 EXTRN START.BIT:BYTE, DATARDYI:BYTE, YANG.BYTE:BYTE, ZANGBYTE:BYTE

.. 12 DGROUP ENDS
13

15
16 DATAFOREXP SEGMENT PUBLIC 'DATA'

0014 17 XREG EQU 14H
0016 18 YREG EQU 16H
0010 19 GSCALE EQU IOH
0012 20 SCROLL EOU 12H
0012 21 FLAGS EQU 12H
0014 22 ERASE EQU uH

23
0000 " 24 Y.LOC DB ?
0001 " 25 ZLOC DB
0002 7? 26 YLOCTMP DB
0003 ? 27 ZLOC.TMP DB ?
0004 ?? 28 Y.DOTTMP DB
0005 " 29 ZDOTTMF D6:
0006 " 30 OFFSETI DB
0007 " 31 OFFSET2 DB ?
0008 32 FIRST-TIME D
000? 33 GSCALE.VALUE DB
O00A 34 GRND.EXP DE
O00 E 35 FRMGRB-FLG DB
---- 36 DATA.FOR.EXP ENDS

37
38
39

---- 40 CODE SEGMENT PUBLIC 'CODE'
41

0000 42 SET-FLG PROC FAR
0000 IE 43 PUSH OS
0001 B8-... R 44 Nov AXDGROUP
0004 8ED8 45 MOV DSAX
0006 C6060O0001 R 46 MOV FRMGRE.FLG,"
S 000 IF 47 POP DS
cooc CB 48 RET

49 SETFLG ENDP
,--'Z'. 50-.
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LOC OEJ LINE SOURCE

0000 51 RESETFLG PROC FAR
000D IE 52 PUSH OS
OOOE Be---- R 53 MO1 AX!DGROUP
0011 9ED8 54 mOV DSAX
0013 C6060:0000 R 55 MOV FRmGRE:_FLGO
0018 IF 56 POP DS
0019 C6 57 RET

58 RESET-FLG ENDP.
59

001A 60 GROUN[EXPLOSION PROC FAF.
001A IE 61 PUSH DS
O01E: Be---- R 62 MOV AXDGROUF'
O01E BED8 63 MOV DSAX
0020 C6060AO001 R 64 mOV GRNDEXF', I
0025 E81200 65 CALL HITEXP
0028 C6060A0000 R 6 NOV GRN[,_EXF'O_
0020C iF 67 POP DS
002E CE; 68 RET

69 GROUND-E(PLOSION ENDP
-70

002F 71 HIT_E*PLOSION PROC FAR
002F IE 72 PUSH DS
0030 68---- p NOV A) 'poUff
0033 BED8 74 OV D'A),
0035 E80200 75 CALL HIT_E F
0038 IF 76 POP D"
0039 CE 77 RET t

78 HIT-EXPLOSION ENDF'
79

003A 80 HIT_EXP PROC NEAR
003A C606080001 p 81 MOV FIRST TIME.
003F C606060001 R 82 MOV O'-FSETIi
0044 C606070001 R 83 MOV OFFSET2,l
004 o C60609000F R 84 MOV GSCALEVALUE,15D
004E E86A0O 85 CALL GETXY
0051 E88000 86 CALL DRAW
0054 803E0E:0001 R 87 CMP FRMGREKFLG,l ;IF ONE THEN WE E [3NE
0059 745E B JE DONEWITSEXP ;WITH FRGRE E 'PLCS.K
005E:ES000 89 CALL GETXY
0O05E 8 0. ,c. P 90 ADD Y LOC T.F,3

0063 8*0'00)00 R 91 ADD ZLOC TMP'O
0068 E860C, 92 CALL DRAW
006F. E840O0, 93 CALL GET T

006E 802E020003 R 94 SUE, YLOCTMPq-
* 0073 8006030000 R 95 ADD 7LOCTm.F Q I

0078 E85900 9i CALL DRAW
•07E 80?EOAO001 p 97 CMP GRND-EPF',1
0080 7437 96 JE DONEWITHEXP.
0082 E83600 99 CALL CET_ _'
0085 8006020005 R 100 ADD YLOCTMF,5'
008A 8006030005 R 101 ADD ._LOCTMF,
008F E84200 102 CALL DRAW
009 E82600 103 CALL GELXY
0095 802E020005 R 101 SUB YLOCTMF',5
009A 8021030005 R 105 SUE: Z LOC-TMF,5
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LOC Of: LINE SOURCE

009F E83'00 106 CALL DRAW
00A: E91600 107 CALL GEXY
OOA 8006020000 R 108 ADC YLOCTPi,0

S OOAA 8006030008 R 109 ADD LLOCTP!8
OOAF E811200 110 CALL DRAW
MOE: 603EOAOOO1 R III CNF GRNDEXPYI
DOE:7 7400 112 JA DONE-WITH-EXP
0069 90 113 DONE-WITH-EXP: NOP
008A C3 114 RET

115 HIT-EXP ENDP
116
117

0088 11 GEXY F'ROC NEAP
0066 BA360000 E 119 NOV DHYANG-BYTE

008F 88360300 R 120 NOV 2_LOCTNPYDH
000 88360500 R 121 "Oil Z-DOT-TF'?DH

0007 8A160000 E 122 NOV, DLYZANG-BYTE
00CF, 88160200 R 123 NOV YLOCTPiDL
O0CF 88160400 R 12-O DOT-TPFDL
00031 C3 12jE

126 GETXY ENDP
1'77

001'4 112e DRAW PROC NEAR
0004 841EO30O 1279 NOV E:LZLOC-TF
00D8 881E00 p 130 NO 200 7DTTMFBL
0O0C A00700 R 131 NOV AL!Y-LOC-TMP
OODF A10400 R 1327 NOVi YDOLTTAL
00E2 E88101 133 CALL OUTPIJLEX'
GOESr E89301 134 CALL VELAY

135i
OGE2B8A1E0500 R 136 DRAWWOFFSET1I NOV BLYZDOT-TNF

*- OOEC A00400 p 13/ NOV ALYDOTTNF'
00OEF 021E060C; p 138 ADD E:LOFFSET1

;03E87001 13 AL OTUEF ;(XYY+OFFSET1)

140
0OFt 803E0A0001 P 141 CNF GCRDEXP'~ ;SKIP THIS IF GROUND EXPLOS.ION

00FE: 740E 142 JE NOT-HIT
COFO BA1EOSOO F 143 NOV BLZ-DOT TMP
0101 A00400 -4 OV ADOT-N
0 l,, 2A1E0600 P 145 SUE. BLfOFFSETI
0108 E85801 146 CALL OUTPUTEXF ;(XPY-OFFSET1)

0106 8A1E0500 R 148 NOT-HIT: NOV BL,ZDT-TNP

0:OF A00400 R 149 NOV AL,Y..DOT-TF
01127 02060600 R 150 ADD ALtOFFSET1
0116 E94DOI 151 CALL OUTPUT-EYP ;(X+OFFSET1,Y)

011~00;R 13 _O A~ DOTTMP

o11c BA1E05')( P 5 OV E:LZ[OT-TNF
*)i0 :4060600 155 SUE: AL,OFFSET1

0124 E83FOI 156 CALL OUTPUT-EXP ;(X-OFFSETIY)

01217 A00400 R 158 NOV ALPY-DOT-TNP
012A BAlEOSQO R 15MOV E:LZ OTTNF
0111E 02,060600 P 160 ADD ALFOFFSET1



LOC OKIJ LINE SOURCE

0132 021E0600 R 161 ADD EBLYOFFSETI
0136 E82D01 162 CALL OUTPUT-EYP ;(X+OFFSET1,Y+DFFSETI)

163

0139 803EOA0001 R 161 CMP GRND EY',1
013E 7 4 24 165 JE NOT HIT2 ;SIKIP IF GROUND EXPLOSION
0140 BAIE0500 R 166 MDV BLY DOT TMP
0144 A00400 R 167 MDV ALbY-DOT TMF
0147 2A1E0600 R 168 SUB BLPDFFSETI
0146 02060600 R 169 ADD ALIDFFSET1
04ff E81401 170 CALL OUTPUT EXP ;(X+OFFSETlPY-OFFSET1)

171
*.015: AD0iD P F MDV AL0- DOT-TMF

0 15 8A1E,'500 F., 173 mDV E:L.7 DOT TMF
0159 2AO6060(, P 174 SUE! ALrDFFSETI
015D ZA1E-W60 P 15SUE: EL.OFFSETI
0161 E802'] 1I CALL OUTPUT EiF ;(X-OFFSETIvY-OFFSETI)

177
0161 BAlE0500 R 178 NOT HITZ: mDt) E:,ZDOT TMP
0168 A00407 R 179 mDV ALiY-DOT-TMP
0166 021E06100, R 180 ADD BL'OFFSET1
016F :A06060A R 181 SUE, AL.DFFSET1
01"3 EsFooD 18 CALL OUTPUT EXF ;(X-OFFSET1bY+DFFsETI)

183
0176 E802(,! 184 CALL DELAY
0170 FE060660 R 185 INC DFFSETI
017D 803EOoOOOA P 186 CMP DFFSET1.10D
Ole-, 7A'4 187 JBE S DR'AWWOFFSET1
01P4 803E0O001 p 188 CMFP FR'MGFE. FLGVI ;CHECV TO SEE IF WE'RE IN THE

189 ;FRAME GRABBING MODE
0189 741A 190 JE SG--0
0 186 C606080001 R 191 mDV FIRST TIME.1
0190 C60600000 R 192 MDV GSCALE.VALUEC' ;SET DATA LEVEL TO F:LACK
0195 A00400 p 193 MDV ALqf-DOT-TMP
0198 8A IE 050C p 104 MDv PLZ-DOTTMF*
01?C ESC-00 15CALL OUTPUT-EXP'
019F E8D90OO 196 CALL DELAY
0 1A2 EE:07Q) IQ'JM DRAW W OFFSET2
OIAJ E9E:O0O 198 S-0O0EBACK; JMF GO :ACII
01A8 E93DFF 199 S-DRAW-WOFFSETIL JMF DRAW-KDFFSET1

200
014E 8AlE0500 R 201 DRAW-WOFFSET2: mi~u BL.Z-DOTJIMP
OlAF A0O4Q' P, 02 MDV AL.Y-DT-MP

II?'2E0700 p 203AD sOFE

0166 A004%i P' 214 MDV ALY-_DOT-_TMP
*OIE.9 E6AA00 20 CALL OUTFUT-EXF' ;kX.Y+OFFSET2)

01E:C BAlE05OC R 206 MDV BLPZ-DOT -TMF'
0100 A00400 R 207 MDV ALqY-DOT -TMP
01C3 2A1E0700 R 208 SUE, BLDFFSET2
01C, E?9000 209 CALL OUTPUT EXFP ,).-OFFc.ETZ1
OICA 9A1E0500 p 210 MDV Pl.7 DOT TMP'
OIClE ArO4r, r1 P 'lMDv AL.Y-DOTJTMF
011-1 0206O~07r p 21, AD[ ALPOFFSET2
M~5 E88E0:, 213 CALL 0LTFUT EXF :(X+DFFSET,,Y'
01DB A00400 R 2114 MDV AL.YD01 TMF
01DEB 8AlEOSOS R. 21 M01) :LK :DOT TMF,
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LOC OE:J LINE SOURCE

01DF 2A060700 F 16SUB ALtOFFSET2_
01E3 E88000 2717 CALL OUTPUT-EXP ;(X-OFFSET2"Y)

01E6 A00400 R 218 NOV ALPY DOT-Mh

01E9 8AIE0500 R 2L19 Nov 8LtZDOTTMP7
*OIED 02060700 R 220 ADD ALPOFFSET2

ojFj I 02E0700 R 21ADD BLqOFFSET'f
O1F5j E86E00 222 CALL OUTPUT-EXP ;(X+OFFSET2tY.OFFSET2)

-O1FS 8AIE0500 R 223 NOV BLYZ-DOIT MP
oIFc A00400 R 22 4 Nov ALPY-DOIT TP
01FF 2A1E070P0 R 2 SUE" BLPDFFSET

02L03 02060?00 R 226 ADD ALPOFFSET,^
0207 Ee5sco3 227 CALL OUTPUTEXF U(X+OFFSET2'r-DFFSET2)

020A A00100 R 22 NOV AL.Y DOT TMP

0 2, 0 Sm'1E0500 R 2a9 NOV E:LiZ -DOT TMP

0211 lIA060700 R 1230 SUE: AL'DFFSET2
02i15 'AIEO)700 R 2L31 SUB BL9OFFSETZ

*0719 E80A00 232 CALL OUTPUTEXF' ;(X-OFFSET2tY-OFFSET.7.

010 8AIE0500 R 233 mOV E:L, _DOT-TMP
0221,0 A00400 R 231 NOV AL0Y DOT_ NP

0223 M2EMO0 P 235 ADD ELtOFFSET2K
0 22 7 2A06070C R 236 SUE ALtOFFSET2

02E:E68 37 CALL OUPUEXF ;(X-OFFSET2.Y+OFFSET2)

*022E E84AO' 238 CALL DELAY
023 rEoi6QrOO R '39 INC OFFSET2

025803EO80001 R 4 CMP FIRSTTINE,1

0A 7508 241 JNE GO-00
023C 06060800,30 R 242 mov FIRSTjTIME~0
0241 EQ67FF 243 JNF' DRAW-WOFFSEET2
0241 060608000M R 211 Go0ON mOV FIRST-TIME'1
0:19 C60609000F P 215 NOV GSCALEVALUE 15D ;SETS DATA LEVEL TO WHITE

024E 803E0O011 R 216 CMP OFFSET'M2O
0 253 7703 27JA Go-BACY
0 025ej5 EFEOC90 2imJp DRAWWOFFSEll-S

ka0 -58 0606060001 R 219 COEPACK: Nov OFFSET1,1
0250 C606070001 R. 25c. NOV OFFSET'&t1
02 C' 2&1 RET

0263 E982FE 22 DRAWWOFFSET1-S: JNF DRAWWOFFSETI
M5 DRAW EOP

255 OUTPUTEXP PROC NEAR
0266 81FF 256 NOV CLF255D
02768 ZACB 2757 SUB CLBL

026A 8ADQ 258 NOV BLFCL
*.026C E:AD800 259 NOV DX,008H

026F E611 260 OUT XREGPAL
0:71 8AC3 261 NOV AL,E:L

o",3 E616 F 26? OUT YR'EGAL

0278 E610 26A OUT GSCALEtAL
0 02? 7A 03 265 RET

266 OUTPUhEXP ENDE'
167
268

07'269 DELAY PROC NEAR
0117E: F:E80 27mOV CX1100OD
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LOC OBJ LINE SOURCE

0L7E EI2FE 271 AGAIN: LOOP AGAIN
02890 C3 272 RET

273 DELAY ENDP
274
275 -

*----- 276 CODE ENDS
277 END

ASSEMBLY COMPLETEP NO ERRORS FOUND
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ISIS-II PL/M-86 V2. 1 COMPILATION OF MODULE TOW-~ALSO
OBJECT MODULE PLACED IN :F1:RETROP.OEJ
COMPILER INVOKED BY: PLM86 :F1:RETROP.PLM DEBUG LARGE OPTINIZE(2) ROM

$TITLE ('PLM86 PROCEDURE TO PRINT GRAPHS')

1TOW-ALSO: DO;

2 1 DECLARE USARTDATA LITERALLY 'oODCH';

3 1 DECLARE USARISTAT LITERALLY 'OODEH';
* ~. 4 1 DECLARE FAST B:YTE EXTERNAL;

- .5 1 CO: PROCEDURE (CHAR);

* -. 6 2 DECLARE CHAR BYTE;
7 2 DO WHILE NOT INPUT (USARTSTAT);

8 3 END;
9 2 OUTPUT (USARTDATA) CHAR;

10 2 END CO;

11 1 PRINT: PROCEDURE (MESSAGEPTRPLENCTH) PUBLIC;

12 2 DECLARE MESSACEPTR POINTER, LENGTH WORD, I WORD,
OUTARRAY BASED MESSAGEPTR (1) BYTE;

13 2DO I= 0 TO LENGTH -1;

14i CALL CO(OUTARFAY(I));
15 3IF NOT FAST THEN CALL TIME (15);

17 3 END;

18 2 END PRINT;
19 I END;

MODULE INFORMATION:

CODE AREA SIZE = 0068H 1040
CONSTANT AREA SIZ7E = OOOOH 00

VAPIAE:LE AREA SIZE =0002H 2D
MAXIMUM STACKf SIZE = 00EH 14D

26 LINES READ
0 PROGRAM ERROR(S)

END OF FL/M-86 COMPILATION

.1
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ISIS-II PL/M-86 Q2.1 COMPILATION OF MODULE KEYBOARD..IO
OBJECT MODULE PLACED IN :F2:MTROX.OBJ
COMPILER INVOKED BY: PLM86 :F2:MATROX.PLM DEBUG LARGE OPTIMIZE(3) ROM WORKFILES (UF2:Y:F':)

1 KEYBOAROJIO: DO;

2 1 DECLARE (START-BIT. B-YB-ZDATARDYBAD-MISSOFFSET-YOFFSET Z)
BYTE PUBLIC AT (06000H);

3 1 DECLARE (DAY-SIGHT.FAR-TARGETAUTO-BORESIGHT) BYTE PUBLIC AT (06007H),
DISTANCE WORD PUBLIC AT (0600AH)v
(STARTING-TRACI',TARGET-SWITCHFINAL-TRACK.,EAST-WEST) BYTE PUBLIC AT (600CH);

4 1 DECLARE YANCE:IRD INTEGER PUBLIC AT (06010H);
5 DECLARE ZANG-PIRD INTEGER PUBLIC AT (06012H);

6 1 DECLARE (BIRD-DTRDYt COACH-ON, BIRD-HITS? BIRD-MISSES H-REK'RQ!
H-REF-G0 V-REP P0, V-REF GO, GRND-BIRDi END-REPRISE.FELLKSHOPT.
CONTINUEt HIT-KILL, HIT-DISABLE) BYTE PUE:LIC AT (06014H);

7 1 DECLARE (H-MISS-ASCIIV-MISS-ASCIItX-MISS-ASCII) (22) BYTE PUBLIC AT106022-H);
8 1 DECLARE USART-STAT LITERALLY 'OODEH'w

USART-DATA LITERALLY 'OODCH'
9 1 DECLARE CTRL-P LITERALLY '020'

10 1 DECLARE CTRL-C LITERALLY '030';
11 1 DECLARE CTRL-N LITERALLY '160':
12I 1 DECLARE NAME-LET-1 t) BYTE DATA (350.630.1420,730q1130?37O);
13 1 DECLARE (CHAPDUNNN) EYTE;
14 1 DECLARE RUE-OUT LITERALLY '7FH';
15 1 DECLARE CARRIAGE-RETURN LITERALLY 'ODH';
16 1 DECLARE LINE-FEED LITERALLY 'OAH':
17 1 DECLARE NAME-PUF (11 BYTE;
18 1 DECLARE ERASE-MODE 2)BYTE DATA (330.1770):
19 1 DECLARE WPITE-MODE (2) BYTE DATA (330,1410);
20 1 DECLARE ERASEUFFEP, (13) BYTE;
21 1 DECLARE T-SIGHT-PUFFER (1) BYTE PUBLIC DATA (350,610,1540,130111309370,
* 1160'111O,1070.1100'12740,1230v

1110, 10700 100, 1240, 350)
22 1 DECLARE D-SIGHT-BUFFER (1) BYTE PUBLIC DATA (35jO,6l0,1Si0,;3D,113O,370,1040,

1010,1310-350);
23 1 DECLARE S-RANGE-PUFFER (z) BYTE PUBLIC DATA (350t57O!166O?73Oill3Ot370?610,

620,t650.600.40Q.1150'1050i1240,
1050.1220,350);

24 I DECLARE L-RANGE-BUFFER (1) BYTE PUBLIC DATA (35O?570y166O.73O~1130v3'0y63O*
6600,600OO400,1150G lO'jt71240.
1050,122O,050);

25 1l DECLARE SCENARIOBUFFER (9) 1:YTE PUBLIC;
*26 1 DECLARE AUTO-BORESIGHT-MSQ (1) BYTE DATA (350,4O0.l400,700,1210,370,1010'

150w 1240 ' 170,137O, 1020, 1170,

122'Gf1050,1230 , 1110,1070. 1100,
1240,350);

*27 1 DECLARE (OFFSET-Y1,OFFSET-Y2,OFFSET-Y3,OFFSET-Z1,OFFSET-Z',OFFSET-Z3)
B YTE E TEPNAL-

28 1 DECLARE (NOFFSET-YINOFFSET-Y2,NOFFSET-Y3,N0FFSET-Z1,N0FFSEI::.,NOFFSET-Z3)
BYTE EXTERNAL;
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29 1 PRINT: PROCEDURE (NESSAGE, NSG-LENGTH) EXTERNAL;

4- 30 2 DECLARE MESSAGE POINTER,
MSG-LENGTH WORD;

312 END PRINT;

32 1 TANK-START: PROCEDURE EXTERNAL;
*. 33 2 END TANK-START;

34 1 INCEST: PROCEDURE PUBLIC;

35 2 DECLARE (I,J,K) BYTE; /I I IS THE CURSOR POINTER'/
36 2 ERASE-BUFFER (0) = 400;
37 2 ERASE-BUFFER (1) = 400;
38 2 ERASE-BUFFER (2) = 400;

" 39 2 ERASE-BUFFER (3) = 400;
40 2 ERASE-BUFFER (4) = 400;
42 ERASE-UFFER (6) 400;
43 2 ERASE-BUFFER (7) = 400;1142 2 ERASEBUFFER (7) = 400:

41 2 ERASE-BUFFER (8) = 400;
-5 2 ERASE-BUFFER (9) = 400;
46 2 ERASE-BUFFER (10) 330;
47 2 ERASE-BUFFER (11) 1410;
48 2 ERASEBUFFER (12)= 350;

49 2 SCENARIOBUFFER (0) = 350;
50 2 SCENARIO-BUFFER (1) = 560;
51 2 SCENARIO-BUFFER (2) = 1400;
52 2 SCENARIO-BUFFER (3) = 730;
53 2 SCENARIO-BUFFER (4) = 1130;
54 2 SCENARIO.BUFFER (5) = 370;
55 2 SCENARIO-BUFFER (8) = 350;

56 2 NAMEBUF (0) = 400;
57 2 NAMEBUF kI) = 400;
58 2 NAMEBUF (2) = 400;
59 2 NAMEBUF 3) = 400;
60 2 NAMEBUF (41 = 400;
61 2 NAMEE:UF (5) = 400;
62 2 NAMEBUF (6) = 400;
63 2 NAMEBUF (7) = 400;
64 2 NAME-BUF (8) = 400;
65 2 NAMEBUF (9) 400;
66 2 NAMEBUF (10) = 350;

67 2 I=o;
68 2 FAR-TARGET 1;

69 2 IF DAY-SIGHT I THEN CALL PRINT (@D.SIGHT-BUFFER, LENGTH (D.SIGHTBUFFER));
71 2 ELSE CALL PRINT (PTSIGHT.BUFFER, LENGTH (TSIGHTBUFFER));

" 72 2 CALL TIME (O00O);
?3 2 IF FAR-TARGET = 0 THEN CALL PRINT (@S.RANGEBUFFER, LENGTH (S.RANGE.BUFFER));

75 2 ELSE CALL PRINT (IL.RANGE-BUFFER, LENGTH (LRANGEBUFFER));
76 2 CALL TIME (O00OD);
77 2 CALL PRINT (@SCENARI0-BUFFERt LENGTH (SCENARIO-BUVFER));
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78 2 DO K = TO (LENGTH (ERASE-BUFFER) -4);
79 3 ERASE-BUFFER (K) = 400;
80 3 END;

81 2 DO K = 0 TO (LENGTH (NAMEBUF) -2);
82 3 NAMEBUF (K) = 400;
83 3 END;

THIS STARTS THE NAME INPUT ROUTINE.

84 2 DUNNN =O;

85 2 IF DAY-SIGHT THEN DO CASE (STARTING.TRACK AND 03H);
87 3

88 3 DO;
89 4 OFFSETY = OFFSETYI;
90 4 OFFSET_7 = OFFSETZ1;
91 4 END;
92 3 DO;
93 4 OFFSETY = OFFSET Y2;
94 4 OFFSET_7 = OFFSET-Z2;
95 4 END;
96 3 Do;
97 4 OFFSETY = OFFSETY3;
98 4 OFFSETZ = OFFSETZ3;
99 4 END;

100 3 END;

101 2 ELSE DO CASE (STARTING-TRACK AND 03H);
102 3
103 3 DO;

104 4 OFFSET.Y = NOFFSETYI;
105 4 OFFSETZ = NOFFSETZ1;
106 4 END;
107 3 DO;

108 4 OFFSETY = NOFFSETY2;
109 4 OFFSETZ = NOFFSET-Z2;
110 4 END;
111 3 DO;
112 4 OFFSET-Y = NOFFSET.Y3;

. 113 4 OFFSETZ = NOFFSETZ3;
114 4 END;
115 3 END;

116 2 START.BIT 1;

* . 117 2 CI: DO WHILE NOT DATA-RDYI;
118 3 DO WHILE SHR (INFUT(USART.STAT),I);
119 4 CHAR =(INPUT(USART-DATA) AND 07FH);

120 4 IF CHAR = CTRL.C THEN COACH-ON = 1;

. 122 4 IF CHAR = CTRLN THEN COACH-ON = 0;
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124 4 IF CHAR CTRL.B THEN
125 4 DO;
126 5 AUTOBORESIGHT = 1;
127 5 CALL PRINT(FAUTO-BORESIGHT.MSG, LENGTH (AUTOBORESIGHT.SC));
128 5 END;

* 129 4 ELSE IF NOT DUNNN THEN DO;

131 5 IF CHAR RUB-OUT
"' THEN

132 5 DO; IF I "- 0 THEN I I-1;
135 6 ERASE-BUFFER (I) NAME.BUF (I);

* '. 136 6 NAME-BUF (I) = 400;
137 6 CALL PRINT (@ERASE.MODE, LENGTH (ERASE.MODE));
138 6 CALL PRINT (PNAMELETI, LENGTH (NAMELETI));
139 6 CALL PRINT (@ERASEBUFFER, LENGTH(ERASEBUFFER));
140 6 CALL PRINT (@WRITE.MODE, LENGTH (WRITE.MODE));

141 6 DO J 0 TO 09D;
142 7 ERASE-BUFFER (J) 400;
143 7 END;

14i 6 END;
145 5 ELSE DO;
146 6 IF CHAR LINE-FEED THEN GOTO SKIP;
148 6 IF CHAR CARRIAGE-RETURN THEN

149 6 DO;

- 150 7 CALL TANKSTART;

151 7 DUNNN = 1;
152 7 GOTO SKIP-IT;
153 7 END;

154 6 IF I < 10D THEN
155 6 DO;
156 7 NAME.BUF(I) CHAR;
157 7 I+l

158 CALL PRINT (@NAME'LET-I' LENGTH (NAMELET));
159 7 CALL TIME (200D);
160 7 CALL PRINT (@NAME.BUF, LENGTH(NAMEBUF));
161 7 END;

*162 6 SKIP: END; I"

- 163 5 END;
END;

165 3 END;
1.66 2 SKIP-IT: END INGEST;

167 1 REPINFO: PROCEDURE PUBLIC;

168 2 IF DAY-SIGHT = I THEN CALL PRINT (@DSIGHTBUFFER, LENGTH (DSIGHTBUFFER");
170 2 ELSE CALL PRINT (@ISIGHTBUFFER, LENGTH (T-SIGHTBLIFFERl);
171 2 CALL TIME (10000);
172 2 IF FAR-TARGET = 0 THEN CALL PRINT (S.RANCE-BUFFER, LENGTH (SRANGEBUFFER));

174 2 ELSE CALL PRINT (@L.RANGE.BUFFER, LENGTH (LRANCEBUFFER));
175 2 CALL TIME (10000);
176 2 CALL PRINT (OSCENARIOBUFFER, LENGTH (SCENARIO.BUFFER));
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- ~ 177 2 CALL TIME (10000';
178 2 CALL PRINT (@NAME-LETi LEGH(A LE ;

179 2. CALL PRINT (PNAME-BUF, LENGTH (NAME-BUF)I

181 1 END KEYBOARDO;

MODULE INFORMATION:

CODE AREA SIZE =O4C7H 1223D
CONSTANT AREA SIZE =OOOOH 00
VARIABLE AREA SIZE t0026H 38D
MAXIMUM STACK SIZE =OQOEH 14D
229 LINES READ
0 PROGRAM ERROR(S)

END OF PL/M-86 COMPILATION
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ISIS-II PL/M-86 V2.1 COMPILATION OF MODULE MAIN-MODULE
DEOJECT MODULE PLACED IN :FZ:RETRO.DBJ
COMPILER INVOKED BY: PLM86 :F2:RETROPLM DEBUG LARGE OPTIMIZE(3) ROM WORNFILES (uF2:.:F2:)

I MAIN-MODULE: DO;
* 1---------------- DECLARATIONS- -------------- I

2 I DECLARE (DATA-RDY1,START-BITOFFSET-YOFFSET ZPAUTO-BORESIGHT) BYTE EXTERNAL;

3 1 DECLARE DISTANCE WORD EXTERNAL;i
4 1 DECLARE (FRESH-STARTBIT-BUCKETPGM-WAIT) BYTE;

5 1 DECLARE (HIT-PARADE-MEMORYHIT-SHORT-MEMORYDEAD-BIRD-MEMORY.
VRPEP-FLAGPH-REP-FLAG) BYTE PUBLIC;

*6 1 DECLARE (V-REP-RO.V-REP-GOH-REP-ROH-REP-GOFASTE:IRD-DT-RDY) BYTE EXTERNAL;
*7 1 DECLARE (H-MISS-ASCIIV-MISS-ASCII,1 MISS-ASCIID (22) BYTE EXTERNAL;

8 1 DECLARE (GRND-BIRDiBAD-MISS,8IRD-MISSESBIRD-HITS,
END-REFRISEPFELL-SHORT, HIT..KILLY HIT-DISABLEi COACH-ON) BYTE EXTERNAL;

9 1 DECLARE LIT LITERALLY 'LITERALLY';
10 1 DECLARE CR LIT 'ODH';

*11 1 DECLARE LF LIT 'OAH';
12 1 DECLARE FOREVER LITERALLY 'WHILE I':

*13 1 DECLARE FAR-TARGET BYTE EXTERNAL;
11 1 DECLARE USART-PORT LIT 'ODBH't

USART-CNTRL LIT 'ODAH'f
USART-RESET LIT '0OO'p
USART-CMMND LIT '037H't
USART-MODE LIT '04EH'i
USAFT STATUS LIT 'ODEH'?
TIMER-CNTRL LIT 'OD6H't
TIMER-CNTRL2 LIT '004H'g
CNTR2-MODE LIT 'OB6H'y
LOW..ADh LIT '004H'.
HIGH-ADM LIT 'ODOHI;

15 1 DECLARE (OFFSET-Y1,OFFSET Y2,OFFSET-Y3,OFFSET-Z1 OFFSET_22,
OFFSEZ3,NOFFSEY1 PNOFFSET-Y2fNOFFSET-Y3,N0FFSET-Z1,
NOFFSET-Z2 ,NOFFSET-Z3) BYTE EXTERNAL;

16 1 DECLARE ALPHA-MODEHOME (i) BYTE DATA (330P140);

1; 1 DECLARE CLEAR-SCREEN BYTE DATA (310);

18 1 DECLARE V-REF*-GRAP'H (1) BYTE PUBLIC DATA
(31O,35Or4i0O0Oi40O,100O~37O, 'V',350);

19 1 DECLARE H-REP-GRAPH (1) BYTE PUBLIC DATA

(31O,35O,4OY171OPi0O'100O,37Op1Z2O,10O,11l60.107D,1O5O,350t670, 156Dt4O.1O00?
370, 1150 105Owl1240w 1050flA1220,12309

/11111111111'NAME SIGHT RANGE SCENARIO'I1u3R11uzi!1
S 350,630,1750,73D,1130,370,1160,1010,1150,1050.720,3'50,62'091'5O,730,1130,370O, .

137O,137DY13709137D, 1370Y137DY137Ol370YI370,137Ot35OP620.147Ot730P113013709
1230,111O,1070.1 100i1240v7210,350,6l0,1470,730,1130,37091370,1370,1370,1370,
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137a,1370.1370,1370,1370,1370,350,?600,1610,730,1130.370, 122O'I01O'116Ov 107Oy
105o,7z O,3'SO,57o,1610,730,1130aQf37O,13O l,37013oY137a,137O,13O.701370,

1370. 127,' 350,'Sj0, 730, 730, 1130.370 ' 30.1030.1050, 116O.1O1O.1220.1110.117Oi
720?350,t55, 1730, 730,1130,370, 1370. 1370, 1370, 13'O,1370, 1370, 1370, 1370, 1370,

* /11IZZZ1ZZ11U1IZ1RIVERTICAL MISSILE ENVELOFE11axuhl1zI1uhI
* * 350,j1O,174O,550,1110,qlO,17D7O0,101660,1570,470,10l0,

35O,400.171O.460.12OO.370t'MISSILE ELEVATION't

/ZIZEIRIIZIIIIIIUI( 1METER TC)zhzxxz~xzz~zx
350ql0Oy140OiVOrl0lOq37Oo'(1 METER TICS'.

/lxxlzuxzxxzzuhxzzuHORIZONTAL MISSILE ENVELQ;,ExxxlzxxRzxzz

350 .4l0 1740, 6l0, 130, 10, 1740. 700, 1330 ,350 .660t 150,650.1030.410. 1740!
650P1030t,

35O,40O,.l~1O.6lO,12'Oi37O,'MISSILE AZIMUTH'?

,zxzzzzxzrz~zuguu''1METER TC zizxiizi~ixzuIi
350,400yl40Oi6lO.j370O37Or'(j METER TICS)');

210 1 DECLARE MORE-.HREF-GRAFH il) FYTE FIE:LIC DATA

/III1zII 1111ZIZIZI'xTARGET LINE' kFOR VERT MISSILE POSITON4'hun

(350,630.1440.460. 1100.370,12'40,3'50,620p,460'460,1100370. 1010.350.610-
1500. 460. 1100.370. 1 220.350. 600.
1520O,460.1l00.3'0.107f,35,570,1540'460. 1100.370'10'3'50.56O,1560,4~O.

N l1100,3'0.1240,350,0,1p60,46,1100,3'.114,350530164046,100,370
1110.3'JO,'0166,C',100,370,11603'O.510.1O0o.6.11OO37010'0.350,
500. 17 20460.1100, 370.0400f

11111111111111111111llhi'TARGET LINE'IFOR HORIZONTAL MISSILE PUOS.1 a""',

350Y64091'J'0.6409112DY370ti'240.35'0.630. 15AG9610. 1120,3'OfI100.350620i

640. 1120.370, 1050,350.570, 1640.640, 1120.370. 1240.3'50.630. 154,650,122 0,3'0,
1140, 350. 620. 1600 *650. 1220.370. 1110.350. 610. 16'00,' 650'1220. f3'0 1160.

/zzzzzzzhxzzxz~axuREPRISE ELEYATION TICS h~huhhhhhxhhI

340,410,1670,470,1010,410,16'50,47G,1010,410,l8704701,1,JO16'50.70,2O
410,1670,500,l11O.410.16'50.500,1110.410. 1670,500,1350.410,1650C,500' 1350.410.
1670.510,l210,410,1650.510.12'O410, 1670,520,10'50,410,1650.52'0,105O,410,1670,

-1010,410,26'50,54O,101O410167O5412L50.410,1650,9540,150,4il1 70,'J50,1110,
4 10,*1650f,5509 1:10.

'zzxxxmxuzzazuu REPR:ISE AZIMUTH TICS zxhzxhh~iuuauh

410,1670,620,1230,410.16'50,6'20,12'30.410,670,630,1070,410,1650,630,1070'410.
1670,630' 30ti10,165'JO630,133010l,1670,6i0,l1'0,40'1,640i,111'0,410,16.7nI
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65tO3 10l5Y6Dl30,410, 1670?6'50P1320pi1Orl650,650,1320,410, 1670,660i
1130,110, 16509660,113Ov110,167Ot660,137O,11091650,660, 1370,410, 1670 670,1230I

* 410,91650t670,l230,410t1670,7009 107OP410,1650,700,1070,410,1670,'70, 1330,110,
1650,700,1330o

,zxxuzxzzzxu~zzhzEXTENTION FOR VER. REP. ORDINATES zzzuzzz

-' 350t4lOtl7iO,150,105Oy410,l740O7010,D34O,4l0,l670,45D,105O,41O1650i

45vOOtlt6O 51~lpl~ 650,450~13l0,41l, l6709460,1150fil0P1650,

21 1 DECLARE FAR-RANGE-DATA (i) BYTE PUBLIC DATA

35040, 150,400,100037,400,500,0060550o

350.460,1720,l00,1000,370,610,600,600,600,550'
350, 510t1530,400, 1000,370,6l0i650,600r600r550'
350,5.30, 1770,400,1000,370,620,600,600,600,550,

350, 610,1430.1,iO1000, 370, 630,600, 600, 6009550,

350#6309165MO0,10009370-63096509600!600P'50i
350,660,1460.400,1000,370,640,600,600,600,550);

22 I DECLARE NEAR-RANGEODATA WI BYTE PUBLIC DATA
(3'50,410,1650'400,1000'370,400,400?400,600,550.
350 440, 1500, 400 l'00. 370 ,400w 620,6509,600?,550.
350,460,17210.i00,1000r370,400,650rP600,600p '50,
350, 510 .1530, 400, 1000'370. 600 ,670, 650 ,600 ,550,
350 ,530, 170 , 10, ~370, 810, 600, 600,0550Y
350-560,1610,400,1000,370,610,6210,6'50,600,550i
350P6107l,14.4,1000370,6l0,650,6O0,6O0,550,
350.,630,1650,Y400, 1000Y370,610,670.650,6O00550,
350w 660 ,1460. 400, 1000, 370, 620, 600, 600,600, 550 )

23 1 DECLARE GRAPHDA zR) E:YTE PUBLIC DATA

1ZI1IIIIZIIZIXXAZIMUTH ENVELOPEIRIZXII11zIXZZIIIIU/
(350 , 110, 710, 610. 1'i50. 60' 70. 610. 1250.660,
1570' 700, 1210,410' 1q40, 700 1210, 110, 1740w 610
1250 P350,4109,17410 ,6'j ,130,*660.1570,6'J0,10309

/11xz1zx1x1hzIELEYATION ENVELOPEIIZIXIZZIRZIZZ1zII/
350,410,17'40,4'O, 1010.660.1570,470,1010,660,1570,500.1350.410,1740,5O01350,

/nnimi353hK1zAZIML!TH RANGE TICSIIIIIKIIzxzxzlR/
IL 340,110,1560.640,1360,40,560,640,1320,440,1560,650,1060410,156.6501130

470,l410,640,1360,470,14l0,640.1320.470tli10.650,l060,470#1110,65OP1130P510i
16.6. i.'l- 3iiOl2,1013p5Ol6rl~l3,'Jl054,40

640,1360,510,115)0,640. 1320,540O,1450,Y650, 1060t540t1450,650. 1130o'560.1700t640i
1360,560,1700,640,1320','560,1700,650,1060,'560.1700,650,1130,610,1520,640,1360
610,1520I,640,13'20,610,152 0,6'50,1060,610,1520,6'0,1130,630,175060,1360630
175)0 ,640 ,1320 ,630, 1750 ,650, 1060 ,630, 1750, 650, 1130,

/IIIIIZIII11IIELEVATION RANGE TICSIzxxxxxxi/
340,140,15j60,470,1320.440,1560,170,12'60,440,1560,500,10240,140,1560500,1070
470. 1410.470,1320,470, 1410,4, 12 60,470,1410,500,1020,o470,1410,500,1070,510,
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1630r47Otl3'0-5109 1630?4 7011'60,':10!16300, 100'!,13OC, 07140110

1320t560, 1G700 O.l'60,560, 1700, 500 1020,560, 1700tD,l0.107010. 520 ,4701320,
*6lO,152'?0,.1260,10,j5001020,Y610lS20,500~i,70,630,1j7Ol130,630,

175jOi70,1260,630,1750,500O,020630,17'J0.IiTh.107,

/IIZIIIIIIIzAZIMJTH MILTISXxzlhxiuxxuiZxx/

340,41O,1670,610,12 50t4l0,1650.610,22-SG.MC.167o.610,1370,i10,16'0.610,1370.

167O,620,135.'10,G165O.620.13'J0.410.16TO,63C.1070,415 1650Y630,1770410,1670.
630, 1210,410, 1650,630. 1210 ,410, 70. 30.1330p, 1 1650630 1330, 410, 670,640,

410O,1650,640,1310,4l0,1670,650, 103OA10~r16'5,65OO.13G,4C, 2670,650.1150,Y410v
1650,65Otl,0.q10167060,l2 70,UC'.1650.650.0,1,167066.1010,410,1650,
66DY0,1 O,10,66Cilt6'6601130,065,O11,10.167'0,660,15,OO165o,660,
12'50.410, 1670,660, 1370,410, 1650, 660, 1370, 10,16 70. 670, 1' 10. 410, 1650.670, 1110,
410,1670,670,1230,410,16'50,670,12130,410,1670,670,1350.4,iltSO670,13'0,410,
1670.70O,10~0,410,1650,70O, 1070,410.1670,700, 1210,410.1650.700.1210):

24 1 DECLARE MORE-CRAPH-DATA (1,1 EYTE PUFL.IC DATA

/nzxuuzuzIELETION hIL TICSIXIIzuxizlxxx
(340, 0,i1670,1 10,016 70, 11,1,1',0 1 10 605 30
410,l670,470,1370.410,1'l65fj4 1 0,:37O0,iQ167,~o.l3OJ4I,5O.4'011300410,
1670,500,12L3010ioSO.5-00,130101670,470,1250110,1650.470,1250,4l0,1670?
500, 1110, 410, 1650, 500 110,

/hxmhzzn'PICHT LEFT UP D0WN'xxxxuxxxuxxx'x

lll01370,500,1140310'JO,1060,140'10'50,430?1440,'10,lli0,370,500,1040t1170f
l270.l160,5l0,3503,1440O4,1y33,370,50,1250 1200,510,

/11x11x11z1111(100 MICKc RAD TICSP FOR AHZMUTH AN[,' AZIMTHUilizi'

350.660?1630?630t 1:40,170 10l3'jth,1110.110, 125012 lo.1100,350,400.1 710,
600,1350,37O,500.610,6OO,600.400,l150O,1110,1O30,122?0,1170,40O,1220,1010?

/zzzxxxxzzz'100MICRO RAD TICS)' FOR ELEV. AND 'ELEVATION'1IRZIII',

350r660,16?0,460,1030?370,10'JO,1140,10'JO.1260,1010il",40.1110,1170,11609
350,400,171rJ,43O,1'10,370,so0,610,O60r,600.loo,11O,lllO,1O30 lU0,1ll70,
400. 220. 1010, 1040, 400. 1240,1110, 1030. 1230, 510.

/uxzxzuxxIIINME SIGHT RANGE SEALnxxxx
350.30,15003. 13 *37.116.100.110.100,72.35OK 7. -fl730, 11309370f

1370,137O,1370,:3;-t0,J 77137c,13bo,13',io?:J.6r,1Ol73o,113O,370,
1230,1110,1070.1100,1240,720,350, 610.147o.73o0l,13,7G,137o0,1370,1370,1370,

0 137OYI37O,1370,1370t 1370. 137O,350.tO00 16100'30, 1130,370.12L J,1010,1160,1070i
IO5O720350570161 .30.110,370,10',l37y,170,1370,1370,1370,1370,2 370,

720,50,50. :30.30.13 *Y. 130'.V'7i l37,~3 , O370,IS370,1370,1370,

1370,



0

25 1 PRINT: PROCEDURE (MESSAGE, MSG-LENGTH) EXTERNAL;
" 26 DECLARE MESSAGE POINTER,

MSG-LENGTH WORD;
27 Z END PRINT;

28 1 HITEXPLOSION: PROCEDURE EXTERNAL;
29 2 END HIT-EXPLOSION;

% 30 1 GROUNDEXPLOSION: PROCEDURE EXTERNAL;
31 2 END GROUND-EXPLOSION;

32 1 GAE-INIT: PROCEDURE EXTERNAL;
33 2 END GAE_INIT;

34 1 TANKKILLED: PROCEDURE EXTERNAL;
35 2 END TANK-KILLED;

36 1 TANKINIT: PROCEDURE EXTERNAL;
37 2 END TANKINIT;

38 1 GAEDRIVER: PROCEDURE EXTERNAL;
39 2 END GAEDRIVER;

. 40 1 SMOKE!NIT: PROCEDURE EXTERNAL;
41 2 END SMOKEINIT;

42 1 OCTAGON-DRIVER: P'ROCEDURE EXTERNAL;
4 END OCTAGON-DRIVER;

44 1 REP-INFO: PROCEDURE EXTERNAL;
45 2 END REP-INFO;

46 1 SET-FLG: PROCEDURE EXTERNAL;
47 2 END SET FLG;

48 1 RESETFLG: PROCEDURE EXTERNAL;
49 2 END RESETFLG;

50 I FRAME-GRAEB: PROCEDURE;
51 2 DUTPUT(OCHW 0;
u BIT-BUCKET INPUTvIOH);

53 2 BITJ.UCKET = INPUT(14H);
54 2 CALL TIME 1400D);
55 2 END FRAME GRAB;

56 1 DECLARE POINT-MODE (Z) BYTE DATA (350,340):
* 57 1 DECLARE VECTORMODE (1) BYTE DATA (350); .

-58 1 DECLARE AUTO BORESIGHT MESG (1) BYTE DATAi .- . . ( 3 5 0 4 0 0 , 1 4 0 D 7 0 , 1 2 1 , 3 7 o , 1 1 ,,* ' ' 125fl 124 0 117 0,137 0,102a,1 17 ,

122 0 O S 1230,11123 , , 7Q, 0OO.
, 1 2 4 0 ,3 5 P ;

59 DECLARE HITKILLMSG (1) B TE DATA
35O67DlJ6O,'4O,120O,370,'IIHIT KILLI',350);

/I HIT MSG IS AT (400,750) i.
60 1 DECLARE HITDISABLEMSG (1) BYTE DATA
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(35O,67O,156O,5O,120,O370,'xxHIT DISAE:LEWP,350);
/I HIT MSG IS AT (400,750) I/

* 61 1 DECLARE HITMSG (1) BYTE DATA (350,670,1560,540,1200,370,I'ZHIT'xx,35);
1' HIT MSG IS AT (400!750) 1/

/,DECLARE DISTFELLSHORTMSC (1) BYTE DATA (350,67O,156O,6O,110O,37O); zI
,./ DISTFELLSHOFT MSG AT (00,750) I/

62 1 DECLARE MISSDISTANCEMSC (1) BYTE DATA (350,67O,156D,450,1120,370,
'GROUND IMPACT );

/Z MISSDISTANCEMSG AT (170,750) 1.

' 63 1 DECLARE FPI_CONTROL LITERALLY 'OCEH';

64 I DECLARE FPI MODE LITEPALLY '10000000E:';

* 651 DECLARE SEThE:IT_O LITERALLY 10'; /1 0000 0000 I'
66 1 DECLARE RESETBITCO LITERALLY '1': 'z 0000 0001 x/

. 67 1 DECLARE FPFIPORT C LITERALL 'OCCH';
68 1 DECLARE (HITILL MEM HIT _ ISA:LE _MEM, EIRD HITS MEMH BYTE PUBLIC;

69 1 HIT-PARADE: PROCEDURE PUBLIC;
70 2 HITPARADEMEMORY :
71 2 DO WHILE NOT (INF!I T(1 H)): iz DO WHILE MATF'O, IS EPJS '

2 ? END:
OUTFUT10H) 0.; /1 SET GSCALEVAL TO 0 -

S. i74 2 BIT-BUCKET INPUT( 1H); . START ERASE CYCLE "

75 DO WHILE NOT INF'UT' 1H) : ' WAIT TILL MATROx IS THRU WITH ERASE V.
76 3 END;
77 2 IF NOT iH- EFFLAC OF _ 'EFFLAC, THEN

e78 2 DO,
79 3 CALL HITEX'LOSIO ;:
BC, ? CALL TANI_'ILLED;
81 3 END;

DO;
CALL SET FLG:
CALL HITExPLOSION:
CALL RESETFLG;
CALL TIME (2500D);
OUTPUT(FFIFORT_- = SETEITCO: TURN OF; VIDEO TO CUNNEF
CALL FRAME CRAE:;
CALL SETFLG;
CALL HIT-EXPLOSION;

CALL RESETFLG;
'• ""END;IlxzzxuIIIIIIIII xuxIzxIIIIxIIxII IIzIIIxIII

82 2 FAST O:
83 2 IF PIRDHITE MM THEt. CALL FR INT (PHIT-MSG,LENCTI17 -MSGI
85 2 IF HIUKILLMEM THEN CL F'RINT (PHIH T-I'LL MSG,{ENGTHHI TKILL MS-' G)
87 2 IF HITDISAFLEMEM THEN CALL FRINT 

f I S.ELE LECTH(HITDIAE:LESC);
89 2 CALL F;INT 'EtT MCDt ENGTH)ELTUR _ MOLIE
90 2 FArT
91 2 ENE HIT PAFADr:

. DEi,_K : I O1E2 IF[ , : 1 - THL [IRD HAL FLOWN 0 THE TA FT
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*AND HAS STRUCK THE GROUND. z/

93 2 IRD-MISSESiGRND-FIRE 0;
94 2 DAFIRD-MEMORY =1

* 5 2 DO WHILE NOT (INPUT(12H)); /z DO WHILE MATROX IS BUSY'!
96 3 END;
97 Z OUTPUT(1OH 0; /1 SET GSCALE-VAL TO 0 1/

~ 9 2 BIT-BUCKET =INPUT(14H): /I START ERASE CYCLE I/
99 2 0D WHILE NOT (INPUT(ILIH)); /z WAIT TIL MATROX IS THRU WITH ERASE z/

100 3 END;
101 2 FNT RKLAG OR VREFILAG) THEN CALL GROUND-EYPLOSION;

DO;

CALL SET-FLG;
CALL HIT-EXPLOSION:
CALL RESET-FLG;
CALL TIME (25000);
OUTPUT(PPIJORTC S'7_ITC; ITURN OFF VIDEO TO GUNNER z
CALL FRAME-GRA:;
CALL SET-FLC
CALL HIT-EXPLOSION;
CALL RESET-FLC

END;

103 2 FAST =0
10 CALL PRINT @MISS-DISTANCE-MSGLENGTH(MISS-DICTANCE-NSGfl;

* ~ ~ oi 10 AL RN -MISS-ACII.LENGTH (H-MISS-ASCII)):
10~~ 2 CALL PRINT (@HISSIEGT VISSIn

* 107 2 CALL PRINT t@VECTOP._ODEvLENGTH (VECTOR-MODE))f
108 21 FAST =1
109 2 ENE, DEADETIRD:

110 1 HIT 8HOT: PROCEOURE PUELIC; I'THE BIRD HAS HIT SHORT OF THE
TARGET. 1/

III FELL-SHORT =0
11 2 HIT-SHORTMEMORY =1

113 2 DO WHILE NOT (INFUT(12H)); /s DO WHILE MATROX IS FUSYs'
114 3 END;
115 2 OUTPUTU0OH) 0; SET GSCALE).'AL TOO ir

11~ 2 PIT-E:UCVET =INPUTH14H); /I START ERASE CYCLE x
11- 2 00 WHILE NOT 'INPUTI2Hf; ./I WAIT TIL MATROX IS THRU WITH ERASE x/'
11ip END;
119~ IF NOT (H-REF'-FLAG OR V-PELFLAG) THEN CALL GROUND-EXPLOSION;

121 2 FAST = 0;
CALL PRINT (@MISS-DT^ rANCE-MS~,LENGTH(MISS-DISTANCE-MSG));

0/ZCALL PRINT (DISTELLSHORTMSGLENCTH(DISFELLSHORTMSGl; 1!
CALL PRINT (@X-MISS-ASCII, LENGTH (XMISS-ASCII));
CALL PRINT (@VECTOFMODEtLENGTH (VECIOK,'MODE)P;
FAST =1
LND HIT-SHORT;

~ ~ RO~PROCEDURE PUBLIC;
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.-, FAST=O;

CALL PRINT (KV.REF'GRAPH, LENGTH(VREPGRAF'H));
FAST = 1;
VREPGO = 1;
V_REP_RO= 0;
VREPFLAG:=i1

END VERTICALREF'RQ;
ZIIIIIIZIIIIIIIIRIIIIZXII,'II

127 HORIZONTLREPRO: PROCEDURE PUBLIC;
128 2 STARTBIT 0;
129 2 DISTANCE 0;
130 2 FAST = 0;
131 2 CALL PRINT -HREF-GRAPH, LENGTH (HREF'GRAPH));
132 2 CALL PRINT (MORE-HREPGRAPH, LENGTH (MOREHREP-GRAPH));
133 2 CALL RE-INFO;

134 2 IF FARTARGET THEN CALL PRINT (@FA RANGEDATAf LENGTH (FARRANGEDATA));
136 2 ELSE CALL PRINT (@NEARRANGEDATA, LENGTH (NEAR-RANGE-DATA));

137 2 FAST = 1;
138 2 HREF_R9 = 0;
139 2 H_REFFLAG = 1;
140 2 START-BIT 1;
141 2 H -REGO = i;

1i2 2 END HORIZONTAL-REF'-RG;

M13 I RESULTS! PROCEDURE PUBLIC;
144 2 FAST = 0;

. 145 2 IF HIT PAPADEMEMORY THEN CALL HIT-PARADE;
147 2 IF HITSHORT-MEORY THEN CALL HIT-SHORT;

* 149 2 IF DEAD BIRD MEMORY THEN CALL DEAD-PIRD;
.. 151 2 FAST = 1;

152 2 V REF FLAG,H REFFLAG
153 2 ENDREP ISE 0;

. 154 2 END RESULTS;

v 155 1 CHEC[_FO'_AUTOOPE: FFOCEDUPE;

S156 2 DECLARE CHARACTEP FYTE;

157 2 IF SHP INFUODEH)iI THEN DO;
- 159 3 CHARACTEF = INPUT 1ODCH);

16C 3 IF CHARACTER= 2 THEN DO:
- 162 4 CALL PRINT (@AUTOE:ORESIGHTMESG, LENGTH(AUTOBOESIGHTMESG));

10 163 4 AUTOBORESIGHT = 1;
161 1 END;
165 3 IF CHARACTER = 3 THEN COACH-ON 1;
167 3 IF CHARACTER = 160 THEN COACH-ON = 0;
169 3 IF CHARACTER = 100 THEN FGM_WAII = 1;
171 3 IF CHARACTEF = 7n THEN F'GM-WAIT = O;
173 3 END;

/xn xxxxxxxxzzrggzgxazxxgxggxuxgx g~gggzxxggxggggg

ODEH IS USAPT-STiTUS, ODCH IS USART DATA, 2 IS CTRLB,

' 174 2 END CHECrFOF'_AUTO_.ORE;
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175 1 SETUSART: PROCEDURE;

176 2 USART-SET-UP:

OUTPUT(TIMER.CHTRL) = CNTR2_MODE;
177 2 CALL TIME(); .

178 2 OUTPUT(TIMERCNTRLZ)= LOHADM;
179 2 CALL TIME(1);

180 2 OUTPUT (TIMER-CNTRL2) = HIGH-ADM;
181 2 CALL TIME1);
182 2 OUTPUT (USART-CNTRL) = USART-RESET;

183 2 CALL TIME(1;

184 2 OUTPUT(USART-CNTRL) USARTMODE;
185 21 CALL TIME 1);
186 2 OUTPUT (USART.CNTRLi: USART_CMMND;

187 2 CALL TIME(1);

188 2 OUTPUT (USARTCNTRL= USARTRESET;
189 2 CALL TIME1);

190 2 OUTPUT (USARTCNTRL) = USART MODE;
191 2 CALL TIME);
192 2 OUTPUT (USARTCNTRL) USARTCMMND;

193 2 END SETUSART;

194 1 INGEST: PROCEDURE EXTERNAL;
195 2 END INGEST;

196 1 MATROXSTARTUP: PROCEDURE EXTERNAL:

197 2 END MATROX-START UP;

198 1 MATROXDRAW: PROCEDURE EXTERNAL;

199 2 END MATROXDRAW:

---------------------- EXECUTABLE STATEMENTS ------------ I/

200 1 IF FRESH-START ODCH THEN START_UP:DO;
202 2 START-BIT = 0;
203 2 OFFSETY, OFFSETY1, OFFSET Y2, OFFSET Y3 = o;
oj 204 2 OFFSETZ, OFFSET.Zi. OFFSETZ2, OFFSETZ3 = 0;
205 2 NOFFSETYIP NOFFSETY2, NOFFSETY3 = 0;
206 2 NOFFSETZ1, NOFFSET Z2, NOFFSET_73 = 0;

207 2 COACH ON = 0;
208 2 FRESH-START = ODCH;
209 2 END START-UP;

210 1 OUTPUT(PPI CONTROL) = PPI MODE;

211 1 OUTPUT(PPI_POPTC) = RESET-BIT-CO; /z SET PORT C BIT 0 TO ZERO s/
212 I CALL TIME (15000);

213 I START-BIT = 0;
214 1 FAST, HITKILL, HITKILL.MEM, HITDISAE:LEi HIT.DISABLEJMEM 0;

215 1 BIRD HITS,BIRD-HITE-MEMPGM-WAIT = 0;

216 1 CALL SETUSART;

217 1 CALL SET-USAFT;

218 1 OUTFUT(10H) = 0; ." SET GSCALEVAL TO 0 1/

219 1 BIT BUCKET = INFUT(14H; /I START ERASE CYCLE 1/
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220 1 DO WHILE NOT (INPUT(12H)); /i WAIT TILL MATROX IS THRU WITH ERASE x.
221 2 END;

/xxxxxxxxxxxxzxhIhhxzh CLEAR THE RETROGRAPHICS SCREENxzxzxxxhux/

222 1 OUTPUT (USARTPORT) = CLEAFSCREEN; -
223 1 CALL TINE(I700D) DELAY UNTIL FINISHED (1>165 MILLISECONDS)I/
224 1 CALL PRINT (@ALFHAMODEHOME, LENGTH (ALPHAMODE-HOME));
225 1 CALL TANK.INIT; /z GET SCENARIO INFO FROM CONSOLE 'I I
26 1 OUTPUT (USAROPT) CLEARSCREEN;

227 1 CALL TIME (1700D);

''i /2Ixx2xIIxI DRAW THE GRAPH 1x11121121222112x212212h1111112xxxxi

* 228 1 FAST 0;
229l I START-BIT 0 ;

* ~230 1 FAR-TARGET 221 TAkI ; I
231 1 CALL PRINT (@GRAFHDATA, LENGTH (GRAPHDATA));
232 1 CALL PRINT (@MROE_GRAPH_DATA, LENGTH (MOREGRAPHDATA));

233 1 IF FAR-TARGET = 1 THEN
234 1 CALL PRINT (@FARRANGEDATA, LENGTH (FARRANGEDATA));
235 1 ELSE CALL PRINT (@NEAF:_RANGEDATA, LENGTH (NEAR RANGE DATA)); |w

236 1 CALL SMOKE-INIT;
237 1 CALL GAEINIT;
238 1 CALL MATROX-START-UP;
239 1 HIT PARADE MEMORY = 0:
240 1 HITSHORTMEMORY 0;
241 1 DEADBIRDMEMORY 0;
242 1 HREPROVREF'_ROHREF'_GO,VREPGOENDREF'RISE ,IRDDTRDY,EIRDHITS,

FELLSHORT,E:IRDMISSES,E ADHISSDATA-RDY1 ,VREF'_FLAGHREF'_FLAG,
START-BIT = ;

243 1 CALL INGEST;

244 1 DO FOREVER;

S245 2 DO WHILE DATARDY .I; / Iz WAIT TILL TOW E:OAF'D HAc TRANSFERED DATA
TO THE PIP'

214 3 IF BIRDHITS THEN DO;
. 248 1 BIRDHITSMEM = 1;

249 4 BIRD-HITS 0;
20 4 CALL HIT PARADE:
* 251 4 END;

2-, 3 IF HIT-KILL THEN DO;
251 1 HITKILLMEM 1;
255 4 HIT-KILL = O;
256 4 CALL HIT PARADE;
257 1 END;

258 3 IF HITDISAE:LE THEN DO;
260 1 HITDISABLEMEN 1;
261 1 HIT-DISABLE = 0;
262 4 CALL HIT-PARADE;

' 174



263 1 END;

264 3 IF BIRD-HISSES AND GRNO..81RD THEN CALL DEAD-BIRD;
266 3 IF FELL..SHORT THEN CALL HIT,.SHORT;

268 3 IF H-REP-RQ THEN CALL HORIZONTALREP-RO;
270 3 IF END-REPRISE THEN CALL RESULTS;
272 3 CALL CHECK.FRUTO-BORE;

27 3 DO WHILE PGM-WIT1

271 1 CALL CHECKJOR-AU70BORE;
275 4 END;

276 3 END;

277 2 DATA-RDY1 0; /1 RESET TILL SET AGAIN
278 2 CALL PRINT(OPOINT..MODEF LENGTH (POINT-MODE));

280, I CALL OCTAGONDRIVER;

261 2 END;

282 1 END MAIN-MODULE;

MODULE INFORMATION:

CODE AREA SIZE =OE217H 3623D

CONSTANT AREA SIZE zOOOOH 00
VARIABLE AREA SIZE =OOOCH 120

*-MAXIMUM STACK SIZE =OO1CH 28D
588 LINES READ
0 PROGRAM ERROR(S)

*END OF PL/0-86 COMPILATION

.0-
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APPENDIX D

COMPUTER GENERATED SOUND SYSTEM PROGRAMS
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"0"

LOC OBJ SEQ SOURCE STATEMENT

1 ; 17 SEPTEMBER 1982
2
3
4 PROGRAM PRODUCES SOUNDS FOR THE FLIGHT OF A TOW MISSILE

6
7

0000 8 ORG 0
0000 040E: 9 JMP OBH

10
0003 11 ORG 3
0003 4482 12 JMp INTERR

13
0007 14 ORG -

0007 1609 15 JTF TEMAF
0009 643A 16 TEMAR: JMP TIMER

17
O0oB 18 ORG OBH
O00E; 23FF 19 RESET: MOV AvOFFH
0000 39 20 OUTL P1,A

* OOOE 3A 21 OUTL P2,A ; INITIALIZE PORTS
.O0F 9AFC 22 ANL P2,*OF.H ; SET UP BCIS 1111/1100

0011 05 23 EN I ; ENABLE EXTERNAL INTERRUPT ALLOWING
24: COMMUNICATION WITH THE HOSE COMPUTER

* 0012 7422 25 CALL RESGAA ;RESET THE SOUNr GENERATORS
0014 742- 26 CALL RESGBE:

27

0016 B802 28 CLEAR: MOV R09#2 RAM POINTER
0018 B93E 29 MOV RI,*62D ; RAM COUNTER
001A 27 30 CHASE: CLR A

- 001B AO 31 MOV @ROA ; ERASE ALL RAM LOCATIONS
Q01C 18 32 INC RO
O01D E91A 33 DJNZ RICHASE

• "/.%"34

O01F 75 35 ENTO CLK ; ENABLE THE 2 MHZ CLOCK FOR THE PSG'S
0020 2348 36 MOV At72D
0022 62 37 MOV T,A
0023 25 38 EN TCNTI

39

41

42 ; MAIN LOOP ROUTINE WHICH LOOKS AT RB0 REGISTERS R5,R6, AND R7
43 ; AND DETERMINES WHETHER TO MA'E THE FOLLOWING SOUNDS:
44 ; (1) TRIGGER PULL (F"5=FFH)

45 ; (2) IMPACT-HIT (R6=FFH)
46 ; (3) IMPACT-MISS (R7=FFH)
47

0024 FD 48 MALOOP: MOV AR5
0025 C62B 49 JZ CHKHIT ; CHECK: FOR TPICGE' FULL. JUMP IF NOT THERE

. 0027 143F 50 CALL TRIGER ; ROUTINE TO MAE LAUNCH SEGUENCE SOUNDS
0029 BDO0 51 MOv RS,0 ; CLEAF FLAG REGISTEF
002B FE 52 CHYHIT: MOV AR6
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o LOC 0J SE SOURCE STATEMENT

" 002C C638 53 JZ CHKMIS ; CHECK FOR AN IMPACT-HIT. JUMP IF NOT THERE
'.002E 5400 54 CALL HITSOU ; ROUTINE TO MAKE IMPACT-HIT SOUNDS
* 0030 BOO 55 DOLOOP: MOV R5,40 ; CLEAR ALL FLAG REGISTERS SINCE FLIGHT OVER

0032 BEO0 56 mOV R6,40

0034 E:FOO 57 mDV R74*0
0036 0424 58 JMP MALOOP
0038 FF 59 CHKMIS: NOV AR7  -*
0039 C624 60 JZ NALOOP ; CHECK FOR AN IMPACT-MISS. JUMP IF NOT THERE
003B 5458 61 CALL MISSOU ; ROUTINE TO MAKE IMPACT-MISS SOUNDS
003D 0430 62 JMp DOLOOP

63

65

66 THIS ROUTINE PROUDUCES THE LAUNCH SEDUENCE SOUNDS IN THIS ORDER
67 (1) GYRO WIND-UP FOR 1.5 SECONDS
68; (2) LAUNCH MOTOR EXPLOSION
69 ; (3) ROCKET MOTOR BURN OF 1 SECOND
70; (4) FADE AWAY SOUND EFFECT
71
72 -------- GYRO SOUND-------
73

003F E:820 74 TRIGER: MOV R0,*020H : FINE TUNE
0041 E000 75 MOV @R0,0
0043 7411 76 CALL SENDA ; THIS IS AN ATTEMPT TO DO A 'POP'
0045 18 77 INC RO
0046 B001 78 MOV @R04*1 ; COURSE TUNE
0048 7411 79 CALL SENDA
O04A B827 80 MOV RO,0O27H ; ENABLE
004C POF6 81 NOV FRO,#3660 ; CHANNEL A
O04E 7411 82 CALL SENDA
0050 18 83 INC RO AMPLITUDE

* 0051 BOOF 84 MOV @RO,$OFH ; MAX
0053 7411 85 CALL SENDA

86
0055 BA64 87 NOV R2100D ; DELAY 100 MSEC
0057 742C 88 CALL DELAY

89
0059 BB64 90 MOV R3,100D ; LOOP COUNTER (DECREMENTS ONCE PER LOOP)
0058 BB2E 91 MOV R0,02EH ; LOCATION OF FINE TUNE FOR FRED $1
0050 6:04C 92v NO R0,*04CH ;FINE TUNE PERIOD FOR $1 (MUST BE EVEN)
005F 18 93 INC RO ; LOCATION OF COURSE TUNE FOR FRED #1
000 8o01 94 NOV @RO,*1 ; COURSE TUNE PERIOD FOR #1
0062 83E 95 NOV RO4O3EH ; LOCATION OF FINE TUNE FOR FRED *2
0064 BOFE 96 NOV @RO,*OFEH ; FINE TUNE PERIOD FOR #2 (MUST BE EVEN)
0066 18 97 INC RO ; LOCATION OF COURSE TUNE FOR FRED #2,

* - 0067 BOO0 98 MOV @RO,$0 ; COURSE TUNE PERIOD FOR #2.
99

0069 882E 100 MOV R0,02EH ; INITIALIZE AT FRED *1 0.
101

006B B920 102 GYSET: MOV R1,020H
. 006D FO 103 NOV A,@RO ; GET FINE TUNE

006E Al 104 mOV @RIA ; 20H GETS FINE TUNE VALUE
006F 19 105 INC RI RI GETS 21H
0070 18 106 INC RO
0071 FO 107 NOV A,@RO ; GET COURSE TUNE
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LOC OBJ SEQ SOURCE STATEMENT

0072 Al 108 MOV @RIA ; 21H GETS COURSE TUNE VALUE
0073 B820 109 MOV R0,#020H ; FINE TUNE LOCATION

- 0075 7411 10 CALL SENDA
0077 18 III INC RO ; COURSE TUNE LOCATION
0078 7411 112 CALL SENDA

. O07A 8826 113 NOV RO,0O26H ; NOISE LOCATION
- 007C BOOF 114 MOV @RO,#OFH ; NOISE TO MIDRANGE

007E 7411 115 CALL SENDA
" 0080 18 116 INC RO ; ENABLE LOCATION

0081 BOF6 117 NOV @RO,366; 11/110/II0
0083 7411 118 CALL SENDA
0085 18 119 INC RO ; AMP LOCATION 28H FOR CHANNEL A
0086 BOOD 120 MOV @R0#0DH ; MAY AMP
0088 7411 121 CALL SENDA

122
008A BAOE 123 MOV R21#14D ; CALL 14 msec DELAY PER LOOP
008C 742C 124 CALL DELAY ; TOTAL LOOP TIME = .014 : (R3= 1,4 SEC

125
008E E894 126 DJNZ R3,GYDOC ; JUMP TO CHANGE FREQUENCIES
0090 7422 127 CALL RESGAA ; OTHERWISE SILENCE THE PSG AND
0092 2400 128 JmF' LEXPLO ; JUMP TO LAUNCH EXPLOSION

129
0094 FB 130 GYDOC: MOV AR3
0095 129D 131 JBO GYRAA ; CHANGE FREQUENCIES
0097 882E 132 MOV R0,02EH
0099 14A3 133 CALL GYRBB
0098 0468 134 JmP GYSET
009D 883E 135 GYRAA: MOV RO,*O3EH
009F 14A3 136 CALL GYRBE:
OOAI 046E: 137 JMP GYSET

138
00A3 FO 139 GYRBB: NOV A?@PO ;NEXT TIME THRU LOOP FREO'S #1 1 #12 WILL
00A4 96AC 140 JNZ GYRCC ; SOUND HIGHER
0OA6 18 141 INC RO

. 0OA7 FO 142 MOV A,@RO ; I FRED PERIODS MUST BE GREATER THAN
OOA8 07 143 DEC A 200 OR THE SOUND WILL MESS UP WHEN OVERFLOW
0 A9 AO 144 MOV @R0A ; OCCURS HERE'!''
OOAA C8 145 DEC RO
OOA: FO 146 MOV A,@R0
OOAC 07 147 GYRCC: DEC A
OOAD 07 148 DEC A
OOAE AO 149 NOV @RO,A ; DECREMENT EACH FREQUENCY BY 2
OOAF 93 150 RETR

151
,.'- 152 ;lxhzlzuxlllzlzxllzuzuzlxuzllllzzzllzxzlzxllzzlzzlsllllxxzzzz llzlllxlzlllzz z

153
0100 154 ORG IOOH

V..'." 155
156 ;iztzuizi x
157

e158 LAUNCH EXPLOSION FOR ----- PSG-E: CHANNEL-A
159

. 0100 7427 160 LEXPLO: CALL RESGBE: ; CLEAR OUT PSC.-B
161

0102 80 162 MOVX APRO ; START PULSE TO TIMER
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'0- LOC OEJ SEG SOURCE STATEMENT

163
0103 8826 164 NOV R0,4026H ; NOISE LOCATION

* 0105 601F 165 MoV IRO,OIFH ; NOISE PERIOD VALUE

. 0107 7400 166 CALL SENDB

0109 18 167 INC RO ;ENABLE LOCATION

010A BOF7 168 mOV PRO,3670 11/110/111

0IOC 7400 169 CALL SENDB
010E 18 170 INC RO ; AMP LOCATION FOR CHANNEL A

OOF B010 171 MOV vR0,10H ; ENABLE ENVELOPE

0111 7400 172 CALL SENDB

0113 E:B82E: 173 NOV ROO2E:H ; FINE TUNE ENVELOPE LOCATION

0115 BOO0 174 MOV @R0$0 ; FINE TUNE ENV VALUE

0117 7400 175 CALL SEND

0119 18 176 INC RO ; COURSE TUNE ENVELOPE AT 2CH

1OIA E020 177 MOV @R0,020H ; COURSE TUNE VALUE

-" OlC 7400 I18 CALL SENDO
OIIE 18 179 INC RO ; ENVELOPE SHAPE/CYCLE

011F F000 180 MOV @RO00 ; DECAY

0121 7400 181 CALL SENDE
182

0123 55 183 STRT T
" • 184 

.

0124 E:90 185 NOV RI,$7D DELAY 0.8 SEC TILL BURN

0126 7433 186 CALL DALAY
.- 187 

::

:':" 188 ; 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ggIgIggggzggzxzz~xZ1ZIIKllgn1ZlIIIZXIIIKZZIZIZI:

189
190 ; ROCKET BURN ROUTINE ---- PSG-A CHANNEL-B

191
0128 742 192 CALL RESGBB ; SILENCE 8

012A 7422 193 CALL RESGAA ; CLEAR OUT PSG-A

194
012C BBAO 195 MOV R3,#160D LOOP COUNTER

012E B829 196 NOV RO,$029H ; AMP LOCATION FOR B

0130 BOOF 197 NOV @ROIOFH ; INITIAL VALUE

0132 A5 198 CLR Fl ; AMP FLAG

199
0133 B826 200 BURN: mOV R0,026H ; NOISE LOCATION

0135 B01F 201 MOV @PO,I1FH ; NOISE PERIOD VALUE

0137 7411 202 CALL SENDA

0139 18 203 INC RO ; ENABLE LOCATION 27H

013A BOEF 204 NOV @R043570 ; 11/101/111

,-. 013C 7411 205 CALL SENDA

013E B829 206 MOV RO,0O29H ; AMP LOCATION 29H FOR CHANNEL B

0140 FE. 207 NOV AR3

0141 9240 208 JB4 NATT

0143 764E 209 JF1 CHAP

0145 FO 210 NOV A,@RO

0146 C64E 211 JZ CHAP

0148 07 2112 DEC A
* 0149 AO 213 MOV @R0A

014A B5 214 CPL Fl

01 4E: 244E 21p JP CHAP

0140 A5 216 NATT: CLR Fl

01E 7411 217 CHAP: CALL SENDA
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LOC OBJ SEQ SOURCE STATEMENT

218 '

0150 EAOA 219 MOV R2,10D ; CALL A 10 MSEC DELAY PER LOOF

0152 742C 220 CALL DELA

221

0154 EB33 222 DJNZ R3,URN
223

225
2726 ; FADE AWAY ROUTINE ON PSG-B CHANNEL B

227

0156 7422 228 CALL RESGAA
. 0158 7422 229 CALL RESGAA

OSA A5 230 CLR F1 ; AMP CONTROL FLAG

015E;5E: EBFE 231 MDV R3,tOFEH LOOP COUNTER
015D B822 232 MOV RO,t022H : LOCATION OF FINE TUNE
015F OO0 233 MOV @ROto ; INITIAL VALUE

0161 B82? 234 MDV FO.#o29H ; LOCATION OF AMP CHANNEL E:
0163 BOOF 235 MOV @RO,*OFH ; INITIAL AMF TO MAY

236
0165 8 822 237 WHISTL: MOV RO,$022H ; FINE TUNE LOCATION

0167 10 238 INC @RO ; INCREMENT FINE TUNE PER LOOP
0168 7400 239 CALL SENDE:

016A 18 240 INC RO : COURSE TUNE LOCATION

0168 B001 241 MOV @RO,41 ; COURSE TUNE VALUE

016D 740O 242 CALL SENDE:
016F E:826 243 MOV RO.0426H ; NOISE PERIOD LOCATION
0171 OOF 244 MOV @PO,*OFH MIDRANGE
0173 740O 245 CALL SEND:
0175 18 246 INC RO ; ENABLE REGISTER LOCATION
0176 BOED 247 MOV @R0,43550 ; 11/101/101
0178 7400 248 CALL SENO:

249

017A 8829 j0 MOV RO,102QH ; AMP LOCATION FOR CHANNEL A
017C FB 251 MOV AR3 ; DECREMENT AMP FOR EACH CHANGE IN P4
0170 9289 25^ JB4 NOCH
O17F 76ESA 153 JF1 CHAN
0181 Fo 254 MaV Af@R0 ENSURE ITS NOT ZERO

0182 C68A 255 JZ CHAN
0184 07 256 DEC A

0185 AO 257 MOV @R0,A
0186 B5 258 CPL F1 ; FLAG NOT TO DECREMENT
0187 248A 259 JMF' CHAN

- 0189 AS 260 NOCH: CLR FI

8 OIBA 7400 261 CHAN: CALL SEND
262

018C BAOA 263 MOV R2,lO0
OISE 742C 264 CALL DELAY DELAY 'EK LOOP 10 MSEC

265
0190 E Eo9 266 DJNZ R3,WHAFFL
01Q 71:i 267 CALL RESGAA CLEAR EOTH PSG'S

0194 7427 268 CALL RESGE:E:

, 0196 93 269 RETR
270

0197 2465 271 WHAFFL: JMF WHIcT
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LOC OJ SEQ SOURCE STATEMENT

i:'- 273 ;lllllllllllllllllllllXxxzxxxzzlrl X uzzX l lz X zzl zl zlxzll zzzxxll

274
-020 275 ORG 200H

276
277 ;xxxxxxxgxxuzzzzxzxx
278

0200 80 279 HITSOU: MOVX A,@RO ; STOP PULSE TO TIMER
280

0201 B826 281 mOV RO,8026H ; NOISE LOCATION

.0203 BF 282 MOV @RO,IOIFH ; VALUE
020o 7411 283 CALL SENDA

0207 18 284 INC RO ; ENABLE LOCATION
, ' 0208 BODF 285 MOV @R0,3370 ; 11/011/111

020A 7411 286 CALL SENDA
020C B:82A 2B7 MOV RO,IO2AH ; CHANNEL C AMP LOCATION

020E 8001 288 NOV @R#4 ; FIRST EXPLOSION AMP
0210 7411 289 CALL SENDA

290
0212 BAFA 291 MOV R21250D ; 250 MSEC DELAY

0214 ,42C 292 CALL DELAY

293
0216 7422 294 CALL RESGAA

2795
0218 B826 296 mOV RO,*026H ; NOISE
021A BOIF .',, MOV @ROtOIFH
021C 7411 3 CALL SENDA
021E 18 299 INC RO ; ENAE:LE

021F E:ODF 300 MOV @RO,13370 11/011'111.
0221 7411 301 CALL SENDA
0223 B82A 302 mOV RO,*OZAH ; AMP FOP C
0225 :00A 303 MOV @R0,t0AH

0227 '411 304 CALL SENDA

305
0229 BAFA 306 MOV R2,82500 250 MSEC DELAY
022E: 7421 307 CALL DELA)

308

022 I 142: 309 CALL qFSGAA

310
022F E:88 311 NOV RO,026H NOISE

0231 E01F 31: mOY) @FO,(IFH
C 31 r ii 313 CALL SENDA
C'212 314 IN[ P0 ; ENABLE

""3 EODF 315 mO'l @R0$3370 ; 11/0111111
0238 7411 316 CALL SENDA
C23A 882A 317 MOV RO,4O2AH ; AMP FOR C
023C 010 318 mOV @0,1010H ; ENABLE ENVELOPE

-O 023E 7411 319 CALL SENDA

0240 18 320 INC RO FINE TUNE ENV
0241 P0"; 321 Mo'. @RO,10

0243 7411 322 CALL SENDA
,. 0245 18 323 INC RO COURSE TUNE ENV

24 P041 324 N R043O040H

O 0242 7411 325 CALL SENDA

024A I 326 INC RO ; SHAPE/CYCLE
024 F00, 327 mOV @R040
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LOC OBJ SEQ SOURCE STATEMENT

. 024D 7411 328 CALL SENDA
329

024F E:91E 330 MOV RI,#30D ; CALL A 3 SEC DELAY
0251 7433 331 CALL DALAY

332
0253 7422 333 CALL RESGAA
01 742'7 334 CALL RESGB8
025? 93 335 RETF.i 336

337 ;ZXXZxg xxxzxxzxzXXxIxzu lxrrzg zx Zxg xxxz xzxxxrzxxzn

338
339 SOUND TO INDICATE A GROUND IMPACT OR MISS
340

0258 30 31l MISSOU: MOVX A,@RO STOP PULSE TO TIMER
342

0259 B82. 343 mOV RO,$O26H ; EXPLOSION TO APPEAR ON PSG- CHANNEL-C
025E: E:01F 344 MOV @ROOIFH
"025D 7400 345 CALL SENDF

- 025F ie 346 INC P0 , ENABLE LOCATION

0260 80DF 347 mOV @RO,$3370 ; 11/011,111
0262 7400 348 CALL SENDB
0264 P82A 349 mOV ROWOAH AMP LOCATION FOR C
0266 F01C, 350 MOV @RO,OIOH ENABLE ENVELOPE
0268 7400 351 CALL SEND.
026A 18 352 INC RO ENVELOPE FINE TUNE LOCATION
.0268 -000 353 MOV @RO .0 VALUE
026D 7400 354 CALL SENDE:
026F 18 355 INC RO ENVELOPE COURSE TUNE LOCATION

" 0270 B04. 356 mOV @RO,040H ; VALUE
0272 7400 357 CALL SENDE:

".- 0274 18 358 INC RO ; ENVELOPE SHAF'ECYCLE LOCATION
0275 B000 35' MOV @RO,$O
027' 7400 360 CALL SENDE;

361
-.- 0279 E91E 362 MOl R1130D ; CALL A 2.0 SECOND DELAf

017B 74A 363 CALL DALAY
"':-"i364

027D 7422 365 CALL RESGAA

027F 74: 366 CALL RESGEE;
* 0281 93 367 RETP

368
• 369 zzxllKl xxzzI xxlI zzzgzzxxlllIlzzl zII gxxglll zIIxxlxxullIxxIzxlzxlxxllll

370
371 INTERRUPT POUTINE TO SET REGISTERS RBO PR,R6R7
372
373 ; FOR ACC = 11 --- RE:O R rETS FFH DESIGNATES TRIGGER PULL
374; : 10 PC * FFH ' IMPACT-HIT

375; '' = 01 ---. ' R' FFH IMFACT-MISS .
376
377 RPO R RESERVED HE'E
378

" 0282 c0 379 INTERR: SEL RPO ; ENSUPE REGISTER E'ANL 0
0281 A 380 MOV R4,A TEMFORAPF STORAGE

078 .S 381 IN AF'I ; GRAB DATA
0285 328E 38? JBl INCONT
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LOC OE:J SEQ SOURCE STATEMENT

0287 1297 383 JE0 IMPMIS ; ACC 01
" 0289 4499 384 JMp INTRET

028E: 12BF 385 INCONT: JB0 INTRIG ; ACC 11
4028f 4493 386 JMP IMPHIT ; ACC 10

387
028F BDFF 388 INTRIG: MOV R5,#OFFH ; FOR TRIGGER PULL

" 0291 4499 389 JmP INTRET
0293 BEFF 390 IMPHIT: MOV R6,tOFFH ; FOR IMPACT-HIT
0291 4199 391 JMP INTRET
029' BFFF 392 IMPMIS: MOV R7,$OFFH ; FOR IMPACT-MISS

" 393

0299 FC 3?4 INTRET MOV AR4 ; RESTORE ACCUMULATOR
029A E:C14 305 ILOOF'A: MOV R4,820D ; DELAY 100 usec TO ALLOW INTERRUPT LINE
029C EC9F 396 INLOOF: DJNZ R4,INLOOF TO RETURN HIGH

" 029E 869A 397 JNI ILOOPA ; KEEP LOOPING TILL INTE'FUPT RETURNS HIGH
- C2AO ?3 398 RETR

399I 00 ;zxIxxxzxzzIzzzxzzIxIuxzIxzxII uxxIhIxIIxIII xI xIII xxxxIxIIxIzIII

401

- 0300 402 O-C 30'H
40.:

404 SUBROUTINE TO SEND DATA TO F'SG-E:
~~405 |,

030. ;A7F 406 SEND[;: ANL F,2,,O7FH : CHIP SELECT PSG-B (0111,1111,"
407

0302 FO 408 MOV A?@RO
" 0303 A9 409 MOV RIA ; PI GETS DATA

0304 F8 410 MOV ARO
0305 530F 411 ANL A,4OFH ACC GETS ADDRESS OF PSG REGISTER

412

0307 8A02 413 ORL P2,2 ; PIN CI SETS PSG TO 'READ'
0309 90 414 MOVX @ROA ; 'LATCH ADDRESS' TOGGLED E:Y WRITE PIN ON 4F

- 030A OAFD 415 ANL P2,tOFDH PIN BCI SETS FSG TO 'INACTIVE'
030C F9 416 MOV A,R1 ; GET DATA
V 00[ Q') 417 MOVX @ROA ; 'WRITE' TO PSG

418
03E 8ASO 419 ORL P2,$080H DESELECT PG-B
0310 93 420 RETR

"- 21

422 SUBROUTINE TO SEND DATA TO PSG-A
4 423

0311 QADF 424 SENDA: ANL P2,tODFH ; CHIP SELECT ,1101/1111)
,. 425

0313 FO 426 SANAA: MOV A@RO"

0314 A9 427 MOV RIA ; Rl GETS DATA
0315 F8 428 MOV ARO

1-4 0316 530F 429 ANL AOFH ;CC GETS ADDRESS S
430

0318 8A01 431 ORL P',I ; PSC. TO 'READ' STATE
031A 90 432 MOVx @ROA ; F'S TO 'LATCH ADDF:ESS' STATE
031E: 9AFE 433 ANL P',#OFEH EAC TO 'INACTIVE' STATE

- 031D F9 434 MOV AP1
031E Q0 435 mOVy @ROA TOGFLE FSG THRU 'WRITE' CYCLE

031F 8A20 437 ORL P2,020H DESELECT F'SG-

184
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SOURCE STATEEINT

7 LOC oBJ SE

438 
RE93 

43
440

-442 ; ROUTNEO RESET SOUND 
GENERATOR 'A'

""Al. RouI3 To RESET 11'S/1-

ES; ET P S E CYCLE 0001/0000

02 E444 RESGAA" ANL p2 tOEFH COMPLETE RESE03n, 9AEF 45ORL P,00

0324 BAIO 44R3293446 
RETFR

0326 93 ; RotINE TO RESET SOUND GENERATOR 'B,

" 44, RESET pSG-B

0W 0 e ANL p2,40N COMPLETE RESET CYCLE 01001000

032-7 9ABF ORL PtR40H

032B DELA' ROUTINE -- EL.AY = R2 X .001 SECONDS

"45A RO..--200I
0._EEBiEO; 200 NICRO-SC PER INSRUCTION

032C Bece 456 DELAY' NOV RoDLOOP ; R2 I I ICRO-SEC
458 O 1JNZ R2,)ELAY

0330 EA2C RETR

0332 93 460 DELAY ROUTINE -- DELAY R1 ,100 SECONDS

461 DE

2 423 ROV ; CALL UP A 100 oILSEC DELAY

0333 A64 463 D CALL DELAY

0335 742C 464 Din R1,DALAY

0337 E933 465 RE.

0339 93 466
. • "..'. -,.468

033A! 5  470 TIMER SEL EPSO

033A" "OV RD,A 1 M
,..8 A,,...NOV A3B720  REINITIALIZE TIMER

033C 2348 N3V TVA

033E 62 
C4

033F 18 476 NOV SRO
l 

34 1 C"6," 
,478 

HO TiNIN ; INCRENEt4I UPPER BYTE OF INIER

0340 F9 N A ; CHECK FOR 20 SEC

. "0341 W 470 2 TIOUT',"."'"%"0343 F9 
J it OU

i!P',... t, "' 034A 524C s

0346 RO 48 TINRET NOV
034 482 SEL RBO
034. C. 483 RETR

. .. 0349 93 ; INCREAE41 UPER eTYTE OF TIMER
= , 'w ., , .', ' , 

485IIINC% INC R

." 034 6446 46 JP TIRET

034CA80-4TI U ; STOP TIMER4 8B T I O u l t MIO vx A VV!R O ; I N F I N L O O P T I L L R E S E

I,.,4 8 . 3J0 N F I N L

.s, 034C 6440 489 IN0IWLI JP f L

. 492 END
L "l~o " llil , e. ;-- '^ 

185
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q BURN 0133 CH AN 0184 CHAP 01 4E C AE 01 ~ ~ I 08 C*qs 03 LA 06 D Y 03

D AY03"' 'LOP 032E D L p 030 Ch DOC 00 1 'HITA 0020 CW RBB 00 3 CRC O A ~ ST 0

HITSOU 0200 ILGP 094 IDPH 0 3 II~ f1 0297C C ON 28 1*gj 01 NL O 2*I1~ 0

INTRET 0299 INRG 0C EPO 00 A O 01 IISU 05 AT O L E ~ c 09
TI Q~ 03C I IR E 0 316 RIE R 003 MNFF 0 19 

0016e DAL" 033A300 ~ i 03
RESGAA 0322 RES0 9 0327 4 A 0 31 SENDAT 021i IINfzg 

0319 O
ASSEMBLY CDLETE, No ERRO R I E 00F " FN09 HISTL 0165 E4 0 9 TI R 99 fE o f
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, LOC OBJ SEG SOURCE STATENENT

1;5 5Nov1982
2
3
, ; PETURN FIRE ROUTINE FOR STAGS-TOW

0000 7 ORG 0
0000 040c 8 JP OBH

10 ,.

0003 11 ORG 3

0003 0427 12 JP REFIRE
13
14

000, 15 ORG 7

000" 1609 16 JTF TENAF

" 0009 0427 17 TENAP: JNP REFIRE
1 18

19
00 20 ORG OBH

-. - 00W: 23FF 21 NOV A,#OFFH

O00O 39 22 OUTL P1A ; INITIALIZE THE PORTS

OO" 3A 23 OUTL P2,A P.

24
OOOF 99FE 25 AWL P14OFEH ; SET BCI LOW
0011 9AFE 26 AOL P24OFEH ; RESET THE PSG

0013 BA0i 2'ORL P241
0015 75 28 ENTO CLV ; ENABLE CLOCK FOR PSG

29
0016 23FF 30 NOv A4OFFH U.-

0018 62 31 NOV TA ; ENABLE TINER/COUNTER INTERRUPT

0019 25 32 EN TCNTI

001A 45 33 STRT CNT

001 05 34 EN I
U.- 35

001" 8802 36 NOV R0#2 ; CLEAR OUT ALL RAN LOCATIONS

O01E 893E 37 NOv R!,#620
0020 27 38 CLEAR: CLP A
002J AO 39 NOV PRoA

0022 18 10 INC RO
0023 E920 41 DJNZ RICLEAR

42
0025 0425 43 LOI(: JNP LOOK ; LOOP FOR RETURN FIRE CALLED

0027 A5 45 REFIRE: CLR Fl ; ANPLITUDE FLAG
0028 BFFE 46 NOV R7,t*OFEH ; LOOP COUNTER

002A BEOl 47 NOV R6Ft1 ; INITIAL FINE TUNE VALUE FOR WHISTLE

002C BOF i8 NOV R5,OFH ; INITIAL ANPLITUDE FOR WHISTLE "s

49
OOZE 8901 50 WHISTL: ORL P1,# ; BCI SETS PSG TO 'READ'

0030 27 51 CLR A
0031 90 52 HOYX PROA ; LATCH FINE TUNE ADDRESS
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LOC OBJ SEQ SOURCE STATEMENT

. 0032 9FE 53 Awl. PiIOFEH

0034 FE 54 M AR6
0035 90 OX O,A ; FINE TUNE VALUE

56
0036 8901 57 ORL Pi0,i
0039 2301 56 NO A,91

003A 90 59 KOVX @ROA ; LATCH COURSE TUNE ADDRESS

003B 99FE 60 ANL Pl,,OFEH

0030 2301 61 NOV Ai

003F 90 62 OVX IROA ; DATA FOR COURSE TUNE
63 R ll

0040 8901 64 ORL Pl41
0012 2306 65 NOV At6

0044 90 66 NOvX @RO,A ; NOISE PERIOD ADDRESS

0045 99FE 67 AWL P1,1OFEH

0047 230F 68 NOV A,9OFH ; MIDRANGE

0049 90 69 MNOVX ROfA

0% 8901 71 ORL P19#1

004C 2307 72 NO A47
00'E 90 73 NOVX @R0,A ; EWLE REGISTER ADDRESS

O0iF 99FE 74 MWL Pl,*OFEH

0051 23F6 75 NOv At#3660

0053 90 76 NOvX ROA : CHANNEL A ONLY
77
78 NV AR7.'. 0054 FF' 00559644 OCH ; JMIF FOR EACH 1/16 OF TOAL LOOP.-,,0055 9260 79 J4 NC

0057 7661 80 JF1 CHAN ; PREVENTS OVER DECRENENTING
0059 76 8t NOV AR5 ;GET AP
0059 C66 82 O 0MW ; CHECK FOR ZERO
005C CO 83 DEC R5 ; OTHEROISE DECREMENT AMPLITUDE

0050D85 94 CPL Fl

005E 0461 85 ,. OA

0060A5 86NOCH: CLR Fl

0061 8901 88 CHAN: ORL P1,1I

0063 Z308 99 NOV A,48
0065 90 90 X LROPA ; ANPLITUDE LOCATION

0066 99FE 91 ANL pl #OFEH

0068 FO 92 NOV AtR5

0069 90 93 NOUX FROA
0'06/ 8A5 95 NOV R2,5 ; CALL A Sesec DELAY PER LOOP

006C 1495 96 CALL DELAY
97

O06E I9 INC R6 ,INCREMENT FINE TUNE

006F EF2E 99 DJNZ R7,tHISTL

0071 9AFE 101 EXPLO: AL P24OFEH ; ERASE ALL LOCATIAS

0073 BAO1 102 ORt. P2,61
103

0075 8901 104 ORL Pl'$

0077 2306 105 Nov At6
0079 90 106 mOUX RO,A ; LATCH NOISE ADRESS

007A 99FE 107 AHL P1vOFEH

188

9 - - '.. . . V C * V



LOC OBJ SEG SOURCE STATENENT
007C 231F 108 NOV A4O1FH,
007E 90 109 NOX ROA

11o
007F 8901 111 ORL P1411
0081 2307 112 NOV A,07
0083 90 113 NOVX PROA ; ENABLE CHANNEL 8 ONLY
0084 99FE 114 ANL PI,#OFEH
0086 23ED 115 NOV A,43550 ; 11/101/101
008 90 116 NOYX OROA

117
0089 8901 118 ORL PliO
008 2309 119 Nov A 9 ; CHANNEL B

. 008, 90 120 NO ,X RO,A
- 008E 99FE 121 ANL P1#4OFEH
" 0090 2310 122 NOV A#010H ; ENABLE ENVELOPE

0092 90 123 MOVX IRO,A
124

0093 8901 125 ORL P1,1
0095 2308 126 NOV A,tOBH
0097 90 127 NOJX ROA ; FINE TUNE ADDRESS
0098 99FE 128 AWL PI,#OFEH
009A 27 129 CLR A
0098 90 130 NOX ROPA

131
009C 8901 132 ORL P1tt1
009E 230C 133 NOV A,#OCH
OOAO 90 134 NOVX ROA ; COURSE TUNE ADDRESS
OOAI 99FE 135 ANL PI,#OFEH
OOA3 2340 136 NOV A?#04OH !

00A5 90 137 KNOX PROPA
138 "

'. 0OA6 8901 139 ORL PI,41
OGA8 230D 140 NOV A#0DH
OOAA 90 141 MOVX R0,A ;ENVELOPE SHAPE/CYCLE
OOAB 99FE 142 ANL PI, OFEH
00AD 27 143 CLR A
OOAE 90 144 NOVX IROPA
OAF BAFF 146 NOV R2,tOFFH

0081 1485 147 CALL DELAY ;DELAY 255 NSEC
148

0083 0483 149 LOOP: iP OLOOP
150

0085 BOCS 151 DELAY: NOV RO4OCBH ; DELAY I sec PER R2 BIT
007 E9B7 152 DLOOP: DJNZ RODLOOP
0089 EA85 153 DJNZ R2,DELAY
0088 93 154 RETR

155
156
157 END

USER SYMBOLS
CHAfN 0061 CLEAR 0020 DELAY 0085 OLOOP 0087 EXPLO 0071 LOOK 0025 NOCH 0060 OLOOP 0083
REFIRE 0027 TEMAR 0009 WHISTL 002E

ASSEMBLY COMPLETE, NO ERRORS
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LOC OBJ SEG SOURCE STATEMENT

2 DECEMBER 15, 19823
4.

5 ; THIS PROGRAM IS DESIGNED TO PASS DATA FROM A HOST COMPUTER TO 5
6 ; STEFPEF MOTOR CONTROLLERS (CY512-1 THRU -5). IN TURN, THE 8741

S; uC PASSES POSITIONAL INFORMATION IN THE FORM OF A 16 BIT COUNT TO
8 ; THE HOST FOR EACH CONTROLLEP WHEN REQUESTED.
9 |;

10 : PORTI: (OUTPUT)
;11 P10-P16 DATA BUS TO CY512'S

12 P17 N/C
13
14; PORTZ: (CONTROL)
15 ; P20-P23 BUS TO 8243 1/0 EXPANDEF'S A I P
16 ; P24-425 N/C
17 ; P26 CS! FOR 8243-A
o 8; P27 CS/ FOR 8243-B

19
20 ; 8243-A PORT FUNCTI00S ARE AS FOLLOWS:
21
22 ; P40 <-- CHIP SELECT CYS12-1 P50 -- PULSE OUTPUT FROM C1.2-'
23 ; P41 <- ' CY512-2 P51 -- ' ' CY512-2
24 ; P42 .-- Y51 P52
25 ; P43 --- ' CY512-4 P53 <-- ' ' ' CY512-4
26
2.7 ; P60 DI-- IRECTION FROM CY512-I P70 <-- USYiREADY FROM CY512-!
28 ; P61 -- CY512-2 P71 <-- * / ' CY512-2
29; P62<-- ' CY512-3 P72 <-- ' / ' CY512-3
30; P63 <-- ' CY512-4 P73 <-- ' / ' ' CY512-4
31
32 ; 8243-b PORT FUNCTIONS ARE AS FOLLOWS:
33
34 ; P40 <-- SOFTWARE RESET CY5IZ-I P50 <-- RUN SIGNAL FROM CY512-1
35 ; P41 <-- CY512-2 P52 <-- ' CY512-2
36 ; P42"-- ' CY512-3 P53<-- ' CY512-3 L

37 ; P43 <-- ' ' CY512-4 P54 <-- CY512-4
38
39 ; P60 -- BUSY/READY FROM CY512-5 P70 <-- SOFTWARE RESET CY512-5
4. ; P61 I-- IRECTION FROM CY512-5 P71 c-- RUN SIGNAL FROM CY512-5
41 ; P62 <-- CHIP SELECT CY512-5 P72 :-- N/C
42 ; P63 -- PULSE OUTPUT FROM CY512-5 P73 K-- N/C
43
44; TEST PINS: TI USED AS INTERRUPT TO COUNT THE POSITION OF THE CY512

- 45
r.'*,'.46 ; :zuirxizuzumzuruuzzzxuzuzxzxixzuuuzxuuzzzz| zzxzzuzuz|zz|zzzzzzz -z

47
0000 48 ORG 0 ;RESERVE INTERRUPT LOCATIONS
0000 040B 49 JmP OB"*o so

0003 51 ORG 3
0003 047C 52 JmP COUNT ; COUNT ROUTINE
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LOC OBJ SEG SOURCE STATEMENT

O00B 54 ORG OBH

O00B 23FF 55 OV A,#OFFH ; INITIALIZE PORTS 1 1 2
0000 39 56 OUTL PIPA
OO0E 3A 57 OUTL P2bA

58
00F 9ABF 59 ANL P2,4OBFH ; SELECT 8243-A 1011/1111
0011 230F 60 NOv AtOFH
0013 3C 61 MOVD P4,A ; WRITE F TO OUTPUT PORT FOR CHIP SELECT
0014 3D 62 NOVD PSA ; INPUT PORT FOR PULSE
0015 3E 63 NOVD P69A ; INPUT PORT FOR DIRECTION
0016 3F 64 NOVO P7rA ; INPUT PORT FOR BUSY/READY
0017 BA40 65 ORL P24040H ; DESELECT 8243-A 0100/0000
0019 9A7F 66 ANL P2,$07FH ; SELECT 8243-B 0111/1111
001B 230F 67 NOV Aq#OFH
001D 3C 68 MOVO P4tA ; WRITE F TO SOFTWARE RESET LINES
O01E 3D 69 MOVD PS,A ; INPUT PORT FOR RUN
O01F 3E 70 MOVD P6A ; INPUT PORT FOR CY512-5
0020 3F 71 MOVD P7,A ; OUTPUT PORT FOR CY512-5
0021 8A80 72 ORL P24O080H ; DESELECT 8243-B 1000/0000

73
0023 B802 74 MOV R09#2 ; RAM LOCATION POINTER
0025 B93E 75 NOV R1,t620 ; COUNTER
0027 27 76 CLEAR: CLR A
0026 AO 77 NOV ROA ; CLEAR OUT ALL RAM LOCATIONS
0029 18 78 INC RO -.

002A E927 79 DJNZ RICLEAR
002C AS 80 NOV RO,A
0020 A9 81 NOV RI,A

82
002E 34C4 83 CALL RESET ; RESET ALL THE CY512'S

4 94

86
0030 D630 87 START: JNIBF START MAIN LOOP ROUTINE

. 0032 22 88 IN ADB-
0033 AA 89 NOV R2,A ; TEMP STORAGE OF DATA
0034 0354 90 XRL A,O54H ; CHECK FOR A 'T' TO GET PRIORITY TRACK
0036 C63A 91 JZ PRIOR

* 0036 2400 92 Jmp ISERV ; JUMP IF TRACK NUMBER OR 'P'
93

003A D63A 94 PRIOR: JNIBF PRIOR ; LOOP TILL PRIORITY TRACK NUMBER APPEARS
* 003C 22 95 IN ArDB"
- 003D 5418 96 CALL XLATE ; GET MASK IN R6

003F FE 97 NOV AR6
0040 05 98 SEL RB1
0041 AD 99 NOV R5,A ; SET MASK IN R5
0042 C5 100 SEL RBO '
0043 0430 101 JNP START

102

104

105 ; THIS ROUTINE KEEPS COUNT OF THE PRIORITY TRACK AND SENDS THIS COUNT
106 ; WHEN CALLED FOR (MSB FIRST). IF A 'P' IS SENT THEN THE MOTORS STOP.

" 1071
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LOC OBJ SEQ SOURCE STATEMENT

0045 9ABF 108 TEST: AHL P2,IOBFH ; SELECT 8243-A

0048 O0 110 PALOOP: MOVD A,P5 ; GET PULSE DATA
P 0049 SD 111 ANL A,R5 ; PRIORITY MASK OFF
k04A C662 112 JZ PAGOON ; JUMP OUT OF LOOP WHEN PULSE GOES LOW

004C D648 113 JNIBF PALOOP ; LOOP IF NO INTERF AND PULSE IS HI" 114

004E 22 115 IN ADBE
004F D3I3 116 XRL A,4043H ; CHECK FOR AN 'R' TO STOP MOTORS

0051 965D 117 JNZ NOTOSP
0053 FE 118 NOV AR6 ; OUTPUT UPPER BYTE OF COUNTER
0054 02 119 OUT DOUPA
0055 8655 120 EELEE: JOBF EELEE
0057 FC 121 NOV APP ; OUTPUT LOWER BYTE OF COUNTER
0058 02 122 OUT DBB,A
0059 8659 123 OOLOO: JOBF 001.00
005B 0448 124 JNP PALOOP

< 9 2 5".

005D 34C4 126 MOTOSP: CALL RESET ;ROUTINE TO STOP MOTORS
005F C5 127 SEL RBO
0060 0430 128 Jmp STAPT

12?

006L AE 130 PAGOON: MOVD AoP6 ; GET DIRECTION
0063 50 131 ANL A,R5
0064 9670 132 JNZ CLOCKW ; JUMP IF IN CLOCKWISE DIRECTION
0066 FC 133 CONCLV: NOV A,R4
0067 966D 134 JNZ CONDEC ; JUMP TO DECREMENT LOWER BYTE ONLY

0069 FE 135 NOV AR6 ; GET UPPER BYTE
006A C675 136 JZ COURET ; JUMP TO PREVENT ROLLOVER OF COUNTER
006C CE 137 DEC R6 ; DECREMENT UPPER BYTE
0j 006D CC 138 CONDEC: DEC R4
006E 0475 139 imp COURET

140
0070 IC 141 CLOCKW: INC R4 ; INCREMENT LOWER BYTE
0071 FC 142 NOV AR4 ; TEST LOWER BYTE FOR ROLLOVER
0072 9675 143 JNZ COURET
0074 IE 144 INC R6 ; INCREMENT UPPER BYTE

145
0075 OD 146 CORET: MOVD AP5 ; LOOP UNTIL PULSE GOES HIGH
0076 5D 147 ANL A,R5
0077 9648 148 JNZ PALOOP ; JUMP WHEN PULSE GOES HI
0079 D675 149 JNIBF COURET ; CHECK INTERR ONLY WHILE PULSE LOW
007B AA 150 NOV R2,A ; STORE CURRENT PORT READING

-~ 151
007C 22 152 COUNT: IN ADBB ; GET WORD

0070 D33 153 XRL APO43H ; CHECK FOR 'C TO SEND COUNT
007F 96?5 154 JNZ NOSTOP ; OTHERWISE A 'R' WAS SENT TO STOP MOTORS
0081 FE 155 NOV AR6 ; GET UPPER BYTE OF COUNTER

0082 02 156 OUT DBBA : SEND IT
157

0083 O 158 OOLOO: MOVD A,P5 ; CHECK TO SEE IF A PULSE HAS COME ALONG
0084 4A 159 ORL A,R2
0085 AA 160 NOV R2,A .,

0086 8683 161 JOBF OOLOO ; JUMP TILL HOST ACCEPTS IT
0088 FC 162 NOV A,Ri ; GET LOWER BYTE OF COUNTER
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LOC OBJ SEG SOURCE STATEMENT

0089 02 163 OUT DBBA ; SEND IT
164

O08A O 165 AALAA: NOVD A,P5
0088 4A 166 ORL APR2 ; CHEC: AGAIN FOR PULSE
008C AA 167 NOV R2,A
0080 868A 168 JOBF AALAA
008F FA 169 NOV AR2
0090 50 170 ANL AR5 j
0091 968 171 JNZ PALOOP
0093 04'5 172 Jmp COURET

173
• 0095 34C4 174 MOSTOP: CALL RESET ; JUMP TO RESET MOTORS

0097 047r 175 JMF COURET
176

178
0100 179 ORG 100H

180

182,
183 ; INTERRUPT ROUTINE TO PASS DATA TO THE PROPER CY512
184

0100 FA 185 ISERV: NOV AR2 ; GET TRACF NUMBER
0101 5418 186 CALL XLATE
0103 FE 187 NOV AR6
0104 C62D 188 JZ STARTI ; DEFAULT ON ERROR OR 'P' OR 'C* OR WHATEVER.
0106 922F 189 JB4 LOAD5
0108 5439 190 CALL CHECK
OOA 34D8 191 CALL RESETI ; RESETS THE CY-512 MASKED IN R6

192
010C D60C 193 LOAD: JNIBF LOAD
OOE 22 194 IN ADBB I
010F AA 195 NoV R2,A
0110 D32A 196 XRL A,42AH ; CHECK FOR AN '4' TO EXIT ISERV ROUTINE
0112 C629 197 JZ JUMOl
0114 FA 198 NOV AR2 ; CHECK FOR AN '!' TO JUMP TO ALLGO ROUTINE
0115 0321 199 XRL A,4021H
011 C62B 200 JZ ALLGI
0119 FA 201 NOV AR2 ; TO RESET THE COUNTER LOOK FOR AN 'A'
OI1A D341 202 XRL A,#041H ; OF 'AT HOME' COMMAND
011L 9625 203 JNZ LOCON ; JUMP AROUND IF NOT 'A'
OIIE 8920 204 MOV R14020H ; LOCATION OF 16 BIT COUNTER
0120 B100 205 NOV @PtO"
0122 19 206 INC RI ; UPPER BYTE
0123 8100 207 NOv 9RO" "

0125 5400 208 LOCON: CALL OUTPT
012' 240C 209 JMP LOAD F:

210
0129 24E 211 JUMO: Jp 01
0128 2469 212 ALLOI: JMP ALLCO a
0120 0430 213 START!: JMP START214

216
217 ; ROUTINE TO PASS DATA TO CY512-5 NO COUNT IS NEEDED BY THE HOST
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LOC OBJ SEQ SOURCE STATEMENT

218
012F 9A7F 219 LOAD5: ANL P2,vO7FH ;SEL 8243-B
0131 230E 220 NOv AvO0EH
0133 9F 221 ANLD P7,A ;RESET CY512-5
0134 PF16 222 NOV R7,$22D

* 0136 EF36 223 CYSLO0: DJNZ R7,CY5LOO
0138 2301 224 NOV A,$l
013A 8F 225 ORLD P7,A ;REMOVE RESET
013B 8A8O 226 ORL P2,$080H ;DESEL 8243-E:

227
013D D63D 228 LP2: JNIE:F LF'

*. 013F A2 229 IN A,DBE:
0140 AA 230 NOV R2,A ; TEMP STORE
0141 D32A 231 XRL A,#2AH ; SEARCH FOR AN ASTERISF f'i')
0143 C62D 232 JZ STA RTI
0145 FA 233 NOV AR2
0146 D321 234 XRL A,#2IH
0148 C62B 235 dZ ALLOI
OIA 9A7F 236 ANL P2,$07FH SEL 8243-E
014C OE 237 CHECKI: NOVD AP6
OqD 5304 238 ANL A,$4 ; CHECI: TO ENSURE CONTROLLER IS NOT RUNNING
OI4F C64C 239 JZ CHECKI ; JUMP IF RUNNING
0151 OE 240 LPI: MOVD AP6
0152 5301 241 ANL A,$1 ; CY512 READY.
0154 C651 242 JZ LPI ; JUMP IF BUSY
0156 FA 243 NOV AR2
0157 4380 244 ORL A,$080H ; P17 LATCHED HIGH FOR DISPLAY ROUTINE
0159 39 245 OUTL P1,A ; MOVE DATA TO PORT 1
015A 230D 246 NOV Av#0DH ; 1101
015C 9F 247 ANLD P7,A ; SEL CY512-5
015D OE 248 LP3: MOVD AP6
015E 5301 249 ANL A,$1 ; CY512 E:USY7
0160 9650 250 JNZ LP3 ; LOOP UNTIL CONTROLLER BUSY
0162 :,302 251 NOV A,42
0164 8F 252 ORLD P7,A ; DESEL CY512-5
0165 8A80 253 ORL P2,080H ; DESEL 8243-B
0167 243D 254 JMP LF2

257

258 ; THIS ROUTINE SENDS A 'D' I 'CARRIAGE RETURN' TO ALL CONTROLLERS
259

0169 E:A44 260 ALLGO: NOV R2,$044H SEND D TO ALL CONTROLLERS
Ol6 3477 261 CALL GOGETT
0160 BAOD 262 NOV R2,4ODH ; SEND CARP RET TO ALL CONTROLLERS
016F 3477 263 CALL GOGETT
0171 B930 264 MOV R1,4030H ; SET FLAG TO JUMP TO TEST ROUTINE
0173 BIFF 265 NOV PRI,$OFFH
0175 240C 266 JMP LOAD ; JUMP TO ROUTINE WHICH LOOKS FOR COUNT:::::267

0177 BEOI 268 GOGETT: MOV R69#1 ; SEND 0 I CR TO CONTROLLER #1
0179 348A 269 CALL GOUT r,
017t EE02 20 NOV R69#2 ; SAME FOR #2
017D 348A 271 CALL GOUT
017F BE04 272 NOV R6,$4 ; SAME FOR $3

1195\0__.*..*... - Lt95 *-** -.% ~
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LOC OBJ SEQ SOURCE STATEMENT

0181 348A 273 CALL GOUT
0183 E:E08 274 MOV R6,48 ; SAME FOR $4

0185 348A 275 CALL GOUT

0187 34A2 276 CALL GOUT5 ; SAME FOR #5
0189 83 277 RET

278
018A 5439 279 GOUT: CALL CHECK ; ENSURE MOTOR IS NOT MOVING
018C 9ABF 280 ANL P2,#OBFH ; SELECT 8243-A
O1BE OF 281 GTLOO': MOVE, AP7 ; CHECK READY/BUSY LINES
018F 5E 282 ANL AR6
0190 C68E 283 JZ GTLOOP ; JUMP IF CONTROLLER BUSY

* -. 284
0192 FA 285 MOV AR2,
0193 4380 286 ORL AtOOH ; TO KEEP P17 HIGH
0195 39 287 OUTL PIA ; SEND TO CONTROLLERS

288

0196 FE 289 MOV AR6 ; SELECT THE CONTROLLER
0197 37 290 CFL A

. 0199 OC 291 ANLD P4,A
*.Z :92

- 0199 OF 293 GELOOP" OVD AP7 ; CHEC READY/'BUSY LINES
019A 5E 294 ANL AR6 ; LOOP UNTIL EACH CONTROLLER IS BUSY
0198 295 JNZ GELOOF'

296
OlD FE 297 MOV AR6
019E 8C 298 ORLD P4,A ; DESELECT CONTROLLER
019F 8A40 299 ORL P2,#040H ; DESELECT 8243-A
O1A1 83 300 RET

301
OIA2 9A7F 302 GOUT5: ANL P2,#07FH ; SEL 8243-8
OI OE 303 LPIA: MOVD A, tP6
O1A5 5301 304 ANL A,41 ;CY12 READP
OIA7 C6A4 305 JZ LPIA ; LOOP UNTIL CONTROLLER READY
01A9 FA 306 mOV AR2
O1AA 4380 307 ORL A,#O8OH ; P17 TO REMAIN HIGH TILL DISPLAY ROUTINE
OlAC 39 308 OUTL PIA ; MOVE DATA TO PORT I
OIAD 230D 309 MOk, A,#ODH
OlAF 9F 310 ANLD F7A ; SEL CY512-5
0180 OE 311 LP3A: MOVD AP6
OlB8 5301 312 ANL A,#1 ; CY512 BUSY7
01B3 96E:0 313 JNZ LP3A ; LOOP UNTIL CONTROLLER READY
"'iB8 2302 314 mOV A42

O1B7 8F 315 ORLD P7,A ;DESEL CY512-5
0188 8A80 316 ORL P2,O80H ;DESEL 8243-B

317

S OIBA 83 318 RET
319

.'i. 320 ;xzxmxxxzxzzzlxxz:Ihxzuha xzxz=zz zzhz=zz,,fxzhzzzuzuxmmzzzzzmuzxz ,

321
OIB '930 322 01: MOV R14030H ; JUMP IF FLAGS HAVE BEEN SET BY A '1'
018D Fl 323 MOV A,@RI
OIBE 96C2 324 JNZ TAAT
O1CO 0430 325 JMF START ; MASTEF RETURN

326
01C2 0445 327 TAAT: JMP TEST
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LOC OBJ SEQ SOURCE STATEMENT

328

330
331 SOFTWARE RESET FOR ALL CONTROLLERS
332

01C4 9A7F 333 RESET: ANL P2,1O7FH ; SELECT 8243-B
01C6 2'334 CLR A
01C7 3C 335 MOVD P4,A ; RESET ALL CY512S (4 ONLY)
01C8 230E 336 MOV A,#OEH ; 0000/1110 RESET FOR CY512-5
OICA 9F 337 ANLD P7,A
OlCE EFIo 338 NOV R7422D ; THIS IS FOR 110 MICROSECOND DELAY
OICD EFCD 339 LOOP: DJNZ R7,LOOP

- OICF 230F 340 MOV A,#OFH
0101 3C 341 MOVD P4,A ; REMOVE SW RESET
0102 2301 342 MOV AtI ; REMOVE Sw RESET FOR CY512-5
OlD4 8F 343 ORLD P7,A
OID5 8A80 344 ORL P2,#O8OH ; DESELECT 8243-E:
OID7 93 345 RETR

346

348
349 SOFTWARE RESET FOR CONTROLLER MASKED IN BY R6
350

O1.8 9A7F 351 RESETI: ANL P2,#07FH ; SELECT 8243-B
OIDA FE 352 MOV AR6
O10F 3' 353 CPL A
OlfIC 9C 354 ANLD PiA ; RESET PROPER CY512
010 BFI6 355 mOV RT,*22D ; THIS IS FOR 110 MICROSECOND DELAY
OIDF EFDF 356 LOOPI: DJNZ R7,LOOPI
OIEl FE 357 NOV AR6
OIE2 8C 358 ORLD P4,A ; REMOVE SW RESET FROM SELECTED CY ONLY
OIE3 BABO 359 ORL P24080H ; DESELECT 8243-E
OIE5 83 360 RET

w,. ' " 361
....- ~~~~~~362 ;~~I~llX~~lll

363
".- 0200 364 ORG 200H

365

367
368 OUTPUT ROUTINE WHICH PASSES DATA TO THE CONTROLLEF MASKED IN BY R6
369

0200 5439 370 OUTPT: CALL CHECK ; MAKE SURE CY512 IS FINISHED MOYING"
0202 9ABF 371 ANL P21#OBFH ; SELECT 8243-A
0204 OF 372 LOOP3: MOVO A,P7 ; CHECK TO SEE IF EY512 IS READY
0205 5E 373 ANL AR6
0206 C604 374 JZ LOOP3 ; IF NOT- CHECK AGAIN

. 0208 FA 375 MOV AR2 ; MOVE DATA TO ACC
. 0209 4380 376 ORL A,*O8OH ; P17 TO REMAIN HIGH TILL DISPLAY ROUTINE

020B 39 377 OUTL PltA ;OUTPUT TO DATA LINES
020C FE 378 mOV AR6
020D 37 379 CPL A ; COMPLEMENT MASK
020E 9C 380 ANLD P4,A ; SELECT PROPER CY512
020F OF 381 LOOP4: MOVD AP7 ; LOOP UNTIL CHOSEN CY512 IS BUSY
0210 5E 382 ANL AR6

1. i7 -
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LOC OBJ SEO SOURCE STATEMENT

0211 960F 383 JNZ LOOP ; JUMP IF NOT YET BUSY
- 0213 FE 384 NOV AR6

0214 8C 385 ORLO P4YA DESELECT PROPER CY512
0215 8A0 386 ORL P2,#040H ; DESELECT 8243-A
0217 83 387 RET

388

390
391 THIS TRANSLATE ROUTINE TAKES A MOTOR NUMBER FROM THE HOST AND
392 ; PRODUCES THE PROPEP MASI, IN R6.
393

0218 07 391 XLATE: DEC A
" 0219 C636 395 JZ R6151 ; A '1' SPECIFYING MOTOR I WAS SENT

0218 07 396 DEC A
* 021C C633 397 R61S2 ; MOTOR 2'

021E 0 398 DEC A
021F C630 399 JZ R61S3 ; MOTOR '3'
L 0221 07 400 DEC A

0222 C620 401 Jz R61S4 ; MOTOR '4'
0224 07 4024 DEC A

0225 C6ZA 403 JZ R61S5 ; MOTO' '5'
0227 BEO(, 404 MOv R6,40 : DEFAULT ON ERROR
0229 83 405 RET

406
022A BEIO 407 R61S5: MOV R6,010H ; 0001/0000
022C 83 408 RET
022D BE08 409 R61S4: MOV R6,48 ; 0000/1000
022F 83 410 RET
0230 BE04 411 R61S3: MOV R6,14 ; 0000/0100

- 0232 83 412 RET
0233 BE02 413 R61S2: NOV R6,42 ; 0000/0010
0235 83 414 RET
0236 BEOl 415 R6ISI: NOV R641 ; 0000,0001
0238 83 416 RET

417
418 ; EZIIIZRIIIIZISIIZZZZZIIEEIIZIIIZIZRI ~ llllll~Xll~lRZIXgXXzZIIIZ ZZIIIIIIZII
419 "

420 CHECK TO INSURE THE MASKED IN CONTROLLER IS NOT EXECUTING A PROGRAM
421

0239 9A7F 422 CHECK: ANL P2,tO7FH ;SELECT 8243-B
023E: 00 423 LOOF'O: MOVD AP5 ;MOVE PS TO A
023C 5E 424 ANL AR6 ;HAS CY512 FINISHED ITS RUN"
023D C63 425 JZ LOOPO ;IF NOT, THEN CHECK AGAIN
023F SANO 426 ORL P2,080H ;DESELECT 8243-B
0241 83 427 RET

,*i 428 p
429
430 END

USER SYMBOLS
AALAA 008A ALLCO 0169 ALLOI 0128 CHECK 0239 CHECKI 014C CLEAR O027 CLOCKW 0070 CONCLK 0066
CONDEC 0060 COUNT 007C COURET 0075 CYSLOO 0136 EELEE 0055 GELOOP 0199 GOGETT 0177 GOUT OBA
GOUTS 01A2 GTLOOF OISE ISERV 0100 JUMOI 0129 LOAD OOC LOADS O12F LOCON 0125 LOOP OICD
LOOPI OIOF LOOP3 0204 LOOP4 0'"  LOOPO 0238 LPI 0151 LP1A O1A4 1P2 0130 LP3 015D,
LP3A 01E0 MOSTOf 0095 MOTOSP 0050 OOLOO 0083 OUTPT 0200 PACOON 0062 PALOOP 0048 PRIOR 003A
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01 01N. 0GLO0 0059 R6ISI 0236 R6lS2 0233 R6IS3 0230 R6ISI 022D R6IS5 022A RESET 01C4
RESET1 0108 START 0030 STARTI 0120 TAAT 01C2 TEST 0045 XLATE 0219

ASSEMBLY COMIPLETE, NO ERRORS
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LOC OBJ SED SOURCE STATEMENT

3 ;UPI41 PORT 1 (P1) WILL OUTPUT DATA TO SPEECH CHIP (SPC,
4 ;UPI41 PORT 2 (P2) WILL FURNISH CONTROL SIGNALS

0000 6 ORG 0 ;RESERVE INTERRUPT LOCATIONS
0000 0409 7 JMP 9

0002 9 ORG 3
0003 0iZA 10 JHP ISERV ;TO PROCESS PHRASE

11
12
13 ; PORT 2 BITS:---
14 ; BIT 0 :-> SPC WR..'
15 ; BIT I SPC CS!

* 16 ; BIT 2 PAGE1. HIGH RON BANY '1'
17 ; BIT 3 ==i: SET. THE RON SET TO BE USED,
18: BIT 4 CM"
19; BIT 5 ==> GAIN (LSB)
20 ; BIT 6 GAIN (MSE) ,'

-. 21; BIT 7 :"> GAIN CONTROL CLOCK2: U.
23 TO (PIN I ON THE 8741) = SPC 'INTR,' HIGH => DONE

-5.5

27 ; MAIN TEST PROGRAM LOOP
2 ;AlI3IZIlXl2lIllrl3IlZWZllKIIl3lIlllIlll3Illl3lIlllIIllllllllll3Illllllllll
29
30

0009 31 ORG 9
32

0009 23FF 33 NOV A,,OFFH
E00B 39 34 OUTL PI,A

00C 3A 35 OUTL P2,A
36
37
38 ;,,1,1 SET GAIN TO I FOR TEST

0000 9A7F 39 ANL P2,#0111111B ;LOWER CLOCK LINE
OOOF 9A9F 40 ANIL P,#10011111B ;SET GAIN TO 1
0011 BAsO 41 ORL P2,1000000OE ;RAISE CLOCV LINE
0013 9A7F 42 ANL P2,01111111B ;LOWEP CLOCK LINE

43
44

- 45 ;"1 WILL FORCE SPC TO STOP PROCESSING ANY STARTING GARBAGE AND RESET
46 ;11 SPC INTR 0). THIS MAKES SPC APPEAR BUSY "ra
47

0015 2311 49 NOV A,11H ;SPC (WR/=I;CS/=0;CMS=I)
0017 3A 49 OUTL P2,A
0018 9AFE 50 ANL P2,11111110B ;SPC WP/=O-
O01A BAOI 51 ORL P2,*OO0000O1E: ;SPC WR/.
001C 8A02 52 ORL P29O00000010B ;SPC CS'="
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LOC OBJ SED SOURCE STATEMENT H
53

N" 54 ;91zuz WILL NOW FORCE A VALID COMMAND TO THE SPC TO SET SPC INTR "" nn-.

55
OOIE 2347 56 NOV A4t47H ;320MS SILENCE
0020 39 57 OUTL PItA ;P1 DATA OUT TO SPC

58
59 ; P24 P23 P22 P21 P20
60 ;SPC CMS SET P1 CS/ WR/
61
62; INITIAL P2 ; 1 0 0 1 1
63

0021 9AE5 64 ANL P2,1I100101E: ; 0 0 0 0 1 S.

. 0023 9AFE 65 AWL P2,1llllllOB ; 0 0 0 0 0
0025 8A03 66 ORL P2400000011 ; 0 0 0 1 1

67
68
69 ;
70 ; TEST LOOP

72
002705 73 EN I
0028 0428 74 BACK: JOP BACK ;WAIT FOR DATA READY INTERRUPT

75
, 02A 00 76 ISERV: NOP
002B D62B 77 LOOPI: JNIBF LOOPI
002D 22 78 IN A,DE* ;INPUT PACE TO A
O02E AE 79 NOV R6vA ;MOVE A TO R6
002F D62F 80 LOOPP: JNIBF LOOPP
0031 22 SI IN ADBB ;INPUT WORD TO A
0032 AF 82 NOV R7,A ;MOVE A TO R7
0033 D633 83 LOOPQO JNIBF LOOPO
0035 22 84 IN ADr* ;INPUT GAIN TO A
0036 5303 85 ANL A,4O0000011t ;MASK OFF UPPER PORTION
0038 ADO 86 NOV R5,A ;MOVE A TO R5
0039 144A 87 CALL SETT ;CALL SETT
003P 85 88 CLR FO ;CLEAR FO FLAG
003C FE 89 MOV AR6 ;MOVE R6 TO A
0030 C640 90 JZ CONT ;IF PAGE=O JUMP TO CONT
003F 95 ol CPL FO ;IF PAGE=1 COMPLEMENT FO FO
0040 FF 92 CONT: NOV AR7 ;MOVE R7 TO A
0041 8647 93 JFO CONTI ;IF FO=1 JUMF' TO CONTI N
0043 1459 94 CALL WRITEO ;ELSE CALL WRITEO
0045 0449 95 JNP LEAVE
0047 145E 96 CONTI: CALL WRITE-
0049 93 97 LEAVE: RETR

9s
*l 99

004A FE 100 SETT: MOV AR6 ;MOVE PACE TO A
0 004F 324F 101 JBI SETTI ;IF SETT = 1, COTO SETT.

4. 004D 0454 102 JNP NOSETT ;ELSE JUMP TO NOSETT
004F 8AO 103 SETTI: ORL P2OOOOIOOO ;SETT = I
0051 27 104 CLP A ;CLEAR A
0052 0458 105 JP ENDSTI ;JUMP TO EN-ST-
0054 9AF7  106 NOSETT: AWt. P2411110111B ;SETT= 0
0056 53F7 107 AWL Av4111101118 ;NASE OFF SETT
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LOC OBJ SEO SOURCE STATEMENT

0058 83 108 ENDSTT: RET

110

0059 9AFB Ill WRITEO: ANL P2,tOFBH ,P,.= 0 ==> PAGE = 0
0058 1163 112 CALL OUTPUT
0050 83 113 RET I|,:.,114

115
005E 8A04 116 WRITEI: ORL P2,#O4H ;P22 I == PAGE I
0060 1463 117 CALL OUTPUT
0067 82 118 RET

119

0063 2663 121 OUTPUT: JNTO OUTPUT ;MUST INSURE SPE IS READY
0065 39 122 OUTL PItA ;PI DATA OUT TO SPC

123
0066 FD 124 NOV A,R5 ;MOVE GAIN TO A
0047 9A7F 125 ANL P2,#O1111111E ;LOWER CLOCK LINE
0069 9A9F 126 ANL P2,#100111118 ;MASK OFF OLD GAIN
006E 126F 127 JBo SETS ;IF BIT 0 IS I THEN JUMP TO SETS
0o6V 0171 128 JMP TSTI ;ELSE JUMP TO TSTI
006F 8A20 129 SETS: ORL P2,*00100000B ;SET BIT S OF PORT 2
0071 3275 130 TSTI: JBI SET6 ;IF BIT I IS I THEN JUMP TO SET6
0073 0477 131 JMF NSETt. :ELSE JUMP 70 NSET6
0075 8A40 132 SET6: ORL P2,01000000B ;SET BIT 6 OF PORT 2
0077 00 133 NSET6: NOP ;CONTINUE d.

0078 BA8O 134 ORL P24100000008 ;RAISE CLOCK LINE
007A 9A7F 135 ANL P24$OI1I1111 ;LOWER CLOCK LINE

- . 136

137 ;P24 P23 P22 P21 P20
138 ;SPc CMS SET P1 CS/ HR.'
139
140; INITIAL P2 ; 0 ? 0/1 1 1

141
% 007C FAED 142 ANL P2,#11101101B ; 0 7 0/I 0 1

007E 9AFE 143 ANL P2llllllO ; 0 ? 0/1 0 0
0080 8A03 144 OPL P2400000011B ; 0 ? 0/1 1 1

145
0082 2682 146 LOOPI: JNTO LOOPI ;WAIT UNTIL SPC IS NOT BUSY
0084 9A7F 147 ANL P24011111118 ;LOWER GAIN CLOCK
0086 9A9F 148 ANL P24100111118 ;SET GAIN TO 0
0088 8A80 149 ORL P2,4IO0000008 ;RAISE CLOCK LINE
OOBA 9A7F 150 ANL P2,#011111118 ;LOWER CLOCK LINE

151
009C 83 152 RET

153
154 END

USER SYMBOL$
BACK 0028 CONT 0040 CONTI 0047 ENOSTT 0058 ISERV 002A LEAVE 0049 LOOPI 0082 LOOFI 0028
LOOPP OOF LOOPO 0033 NOSETT 0054 NSET6 0077 OUTPUT 0063 SETS 006F SET6 0075 SETT 004A
SETTI O04F TSTI 0071 WRITEO 0059 WRITEI OOSE

ASSEMBLY COMPLE1E, NO ERRORS
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ISIS-Il Pjp-86i V2.1 COMPILATION OF MODULE TOW-START-UP-IO0ULE
OBJECT MODULE PLACED IN ?F1:TOWST.OBJ
COMPILER INVOED BY: PLM8S :F1:TOWST.042 DEBUG RON XREF LARGE OPTIMIZE(3 I

TITLE('0945 17 DECEMBER 1982)

1 TOW-START-uP-ODULE: DO;

2 1 DECLARE SCENE-COUNT LITERALLY '090' ,MAXJENU-NO LITERALLY '01D';

3 1 DECLARE CARR-REr LITERALLY '001'p SPACE LITERALLY '20I4'PBELL LITERALLY '07N';

4 1 DECLARE ICOATA LITERALLY '006N'IOSTATUS LITERALLY 'OOANNMASK LITERALLY '7FH*;

*5 1 DECLARE VECTOR-RODE LITERALLY '350 'PALPHA-AO1..MD LITERALLY '159'1
ADM3AJIODE LITERALLY '300 ,GRAPHICS..CLEAR LITERALLY '310't
AD9I3A-.CLEAR LITERALLY '329' ,CLEAR-ALL LITERALLY '330'p
HWIE-CURSOR LITERALLY '1491;

6 1 DECLARE COUNTER.2 LITERALLY '00411' COMTO LITERALLY '006H'p
CNTR2MODE LITERALLY '09611' SETCOUNT LITERALLY '04HW;
/I FOR TIMER SETUP I/

7 1 DECLARE USART-CONTROL LITERALLY 'OCAM' ,USARTJIODE LITERALLY '4EH'i
USART-.COIIMAND LITERALLY '37H';

8 1 DECLARE LINE-FEED LITERALLY 'OAH';

9 1 DECLARE (DAYSICHI STARTINC..TRACKTARCET-SHITCHFINAL1'RACKY

EAST-WEST YCONTINUE) BYTE EXTERNAL;

Al10 1 DECLARE GUMNER-RATINC BYTE AT (608OHhtTURNED BYTE AT (608111);

11 1 DECLARE (RESPONSE ,CO-NOWNMNOHNILDONEPSCENAIO, ItPEVIUS-RESPONSE) BYTE;

12 1 DECLARE (OK1.O)(ZvTOTALY..OK) BYTE;

13 1 DECLARE SCENARIO-BUFFER (9) BYTE EXTERNAL;

14 1 DECLARE (RESP1ASCII PRESP2ASCII ,RESPJINtRESP-2NIM) BYTE;

15 1 DECLARE (SIGHT-FLAG.TRACK- LAGtDONEPOK(PSANE) BYTE;

'THE SCENARIOS ARE LISTED BELOW. .

16 1 DECLARE SCENE-O (2) BYTE DATA (CARRRET);

17 1 DECLARE SCENE-1 (2) BYTE DATA ('A'?CARRRETP'H',CARR-RET,'B',CARR-RET'
'S 1'tCARR..RETt'R 225'?CARR-RETt'F 1'tCARR..RETv'E'9CARR,RETq
X 1500,CARR-RETP'P 2950'tCARR-RET#'X 1000'pCARRRETvC'tCARR-RETv

E B'PCARR-RET,'I'tCARR-ET'0','!'PN)
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to I DECLARE SCEME-2 (1) BYTE DATA ('P',OIH,'A',CARR-RET,'H',CARR-RET,
'B'PCARR-RET,'S 1'PCARR-RETP'R 173'PCARR-RETP'F 1'pCARRRETp'E'vCARRRETq
'I 764'fCARR-RETf'P 1600'PCARR-RET,'C',CARR-RET,'B',CARR-RET,'P 5240't
CARR-RET, '0' CARR RET, ' 0'' ' P'i OZH ' A'p
CARR-RET,'H',CARR-RET9'B'fCARR-RET,'S 1'YCMRRET?'R 173'vCARR-RETP'F 1',
CARRRETp'E'wCARRRETi'X 382'PCARR-RETv'P 1650'PCARR-ETt'O'PCARR-RETt'O'P
'X'P'P'i034'A'CARRRETt'H'CARR-RET,'B',CARR-RETP'S 1'vCARR-RET9'R 173't
CARR-RETi'F 1'vCARRRETt'E'rCARRRETi'P 1650'tCARR-RET,'0',CARR-RET'Q','z',
'P',04H,'A'tCARRRET,'H',CARR-RET,'B',CARR-RET,'S 1',CARR-RET,'R I'tCARR..RETt
'F 1'iCARRRET?'E'vCARRRET,'X 4364',CARR-RET,'C'tCARR-RET,'B'fCARR.RETI
'X 1000',CARR-RET,'C',CARR-RET,'B',CARR-RET'0',CARR-RET'g',''

* 'P',O5Hi'A'tCARRRETf'H'PCARR-RETY'B'tCARR-RETt'S 1',CARR-RETR 80'p
CARR-RETP'F 1''CARR-RETf'E'PCARR-RETP'X 764'qCARRRETt'P 650'vCARRRETp'',q

19 1 DECLARE SCENE-3 (z) BYTE DATA C'P'P01H,'A',CARR-RET,'H',CARR-RET,'B',
CARR-RETY'S l'PCARR-RETF'R 173'rCARRRETw'F 1',CARRRETr'E'pCARRRET,
'X 764',CARRRETv'P 2150'?CARR-RETP'C',CARR-RETt'B'tCARR-RET,'P 5240't
CARR-RET, '0' CARR RET, 'Q','I', 'P' tO2Hr 'A' p

CARR-RET,'H'vCARR-RETo'B'tCARR-RET.'S l',CARRRETt'R 173'iCARRRETv'F 1',
CARRRETt'E'pCARRRETp'X 382'tCARRRETr'F' 1650'vCARR-RET,'X 109l'PCARR.RETY
'P 5240' ,CARR-RET, '0' ,CARR-RET, 'O't '2','P' ,03H, 'A' vCARR-RET, 'H' vCARR..RET?
Wo'CARR-RETY'S 1'vCARR-RETR 173',CARP-RETr'F 1'yCARRRET#'E'tCARRRET,
'P 500'YCARR-RETY'X 400'vCARRRETq'P 0',CARR-RET,'0',CARR-RETt'0',z'1''P',
04HP'A',CARR-RET,'H',CARR-RET,'8',CARR-RETP'S 1'PCARR-RETP'R l'iCARR-RETt
'F 1'tCARRRETp'E ?CARRRETv'X 4361'tCARR-RET, 'C'YCARR-RET, 'B'YCARR-RETI
'X 1500',CARR-RETt 'C' ,CARR RET,'B'tCARR-RET,'0' ,CARR-RET, '0' ,'' '' 5H,
'A',CARR-RET,'H',CARR-RET,'E:',CARR-RET,'S 1'tCARRRETt'R 80'PCARR-RETP'F 1'9
CARRET, 'E' ,CARRRET, 'X 394'rCAR-RET, 'P 650'yCARR ET, 'X 1091' ,CARR-RET,
'P 250',CARR-RETr'0',CARR-RETt'Q't''','r'i;

'A20 1 DECLARE SCENE-4 (1) BYTE DATA ('P',01H,'A'PCARR-RET,'H',CARR-RET?'B't
CARRRETS 1'tCARR-RETY'R 173'YCARR-RETP'F 1'?CARRRETt'E'tCARR PET-
'I 76A'rCARPRET?'P 2300',CARP-RET,'C',CARR-RET,'B',CARP-RET'' 5240'q

CARR-RET, '0' CARR-RET, '0'','','P' .02H, 'A'?
CARP-RET,'HPCAPF-RET'E: CARR-RET,'S l CARFRETr'F l'73"CARFR'ETr'F V?,
CARRRETt'E' ,CARRET, X 382 ,CARRRET?'P 1650'tCARRRET.'O' 'CARRPET?

'p,2,'P'03H.A'.CPPRE.'H'cAF ET'E'CARF' RETv'c I'qCAF' FET.
'R 17.3'.CAPR PET,'F 1',CARRRET,'E'?CARR RETF'P 1650'?CAR: RET.'O.CA;R RET,

*'0','1','F',04h,'AYCAFF'RET,'H',CARR-RET,'!:',CARFF-PET,'S 1',CARFRET,': 1'?
CAPPRETi'F 1'?'6ARFRETp'E'-CARRETy'X 52,00',CARK-RETr'C'.CARP-RET.'B;'.
CA R R T ' 'C R'R T ' 'PI rF t5 ,A A''R TH ,A F-.T ''tA FRET,
S 1'.CARR-PETY'R 225'tCARRPETi'F l'?CAPRRETt'ECARRRETp'P 15JO'?CARR-RET.

'X 3250',CARP-RETP'R 125'vCARP-RETY'F 1'wCARRRET'F' 650'PCARR-RETt'0',
CARRRET'''!',');

021 1 DECLARE SCENE-5 (1) BYTE DATA ('P',01HrA',CARP'RET,'H' fCARR-RET.'E:' ,CARR-RET,
'S 1',CARR-RET,'R 156'rCARR-RETY'F 1'?CARRRET,'E',CARPRET,'P 1700'?
CARR-RET,'C',CARR-RET,'B',CARR-RET,'P 5240'r
CARR-RET,'0',CARR-RET,'0,'',''P',02H,'A',CARF-RET,'H',CARR-RET,'B',CARR-RET,
'S 1'?CARRRET,'P 156'PCARR -RETY'F 1',CARRRET,'E',CARRRET9'F 500'iCARR-RETY

- I' 400'iCARP RET,'F' 0',CARRRET'',CARF-RET'0,u I''P',031i'A'CARR-RETF
'H vCARRRET.B 'CARREr.'S 1',CARRREr.'R 156,tCARFPETt'F 1' #CARRRET'E'v
CARR-RET,'X 350',CARRETt'F 57",ARR-RETP'X 425'pCARRRETi'F 0',CARR-RET#
'0'#CARRRET,'0'i''','P't4H, A'CARRRET,'H',CARR-RET,'B',CARR-RET,'S 1't
CARR-RETP'P I'CARFRRETr'F 1',CARRREJ'''CAR _RET,'X 4364',CARRPRET?'C',
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CARR-RETv'B'iCARR-RETt'X 1091'fCARR-RET,'C',CARR-RET,'B',CARR-RET'0',
CARR-RET,'Q'r'1'r'P't05Hr A'CARR-RET,'H',CARR&RET,'8',CARR-RET'S V'-
CARR..RETY'R 100'fCARR-.RETt'F 1'tCARR.RETt'E'PCARR-RETt'X 367'PCARR-RETf
'P 650'PCARR-RETf'X 545'PCARR-RETf'P 500'iCARR-RETP'X 545'PCARR-RETP'L 2t3',
CARR-RETP'P 650',CARR-RET,'0',CARR-RETt'Q','!'P,');

22 1 DECLARE SCENE_6 (1) BYTE DATA ('P't01H,'A',CARR-RETP'H'vCARRRET'B'CARR.RETi
'S 1'PCARR-RETP'R 173'PCARR-RETP'F 1'PCARR-RETt'E'rCARR-RETy'X 1582'1
CARR-RETt 'P 1650' ,CARR-RET, 'C' ,CARR-RET, 'B' ,CARR-RET,
'P 5240'YCARR-RETt '0' CARR-RETt '0't'z'F 'P'r02NH 'A' ,CARR-RET,'H' FCARR-RET,
'B'PCARR..RETt'S 1'qCARR-RET,'R 173',CARR-RET9'F 1'PCARR-RETt'E'PCARR-RETt
'P 2L'00'rCARR-RET?'X 382'PCARR..RETt'P 1650'PCARR-RETP'0'PCARR-RETi'Q't'i't
'P'v03Ht'A'PCARR-RET,'H'tCARR-RETY'B'PCARR-RETi'S 1'rCARR-RETv'R 173',
CARR..RET9'F 1'tCARR-RETy'E'yCARP-RETv'X 382'PCARR-RETY'P Z100'PCARR-RETY
'X i25'rCARR-RETP'P 1650',CARR-RET,'0',CARR-RET,'Q','I','P',04H,'A'tCARR-RETt
'H'vCARR-RETy'B'?CARR-RETr'S 1',CARR-RET9'R 1'rCARR-RET9'F 1'YCARR-RETY'E'y
CARR-RET?'X 4364',CARR-RET,'C',CARR-RETP'B',CARR-RET,'X 820'tCARR-RETt'C'f
CARR-RETP'B',CARR-RET,'0',CARR-RET,'O','z','P',05H,'A'PCARR-RET,'H',CARR-RET?
'B'YCARR-RETP'S 1'9CARR-RETv'R 225'PCARR-RETY'F 1'tCARR-RETv'E'fCARR-RETq
'P 650'tCARR-RETY'R 235'tCARP-RETY'F 1'PCARR-.RETY'P 625'PCARR-RETP'X 273't
CARR-RET,'P 650'?CARR-RETP'X 2'73'PCARR-RETP'L 15p7'tCARR-RET9'P 650'y

t~.CARR-RET,'0',CARR-RET,'O','!'Y,');

23 1 DECLARE SCENE]7 WxBYTE DATA ('A',CARR-RET,'J4',CARR-RET,'E:'tCARR-RET,'S 1't
CARR-RETY'R 156'iCARR-RETY'F 1'wCARP-RETi'E'PCARR-RETy'X 382'PCARR-RETP
'P 2475',CARR-RET,'C',CARR-RET,'B',CARR-RET,'P 5240'tCARR-RETv'0'iCARR-RETv
'0', 'N','P ,04H, 'A' ,CARR-RET, 'H' ,CARR-RETP
'B'tCARR-RETt'S 1'?CARR-RETr'R l'YCARR-RETP'F 1'tCARR-RETP'E'PC R.RT
'X 3500',CARR-RET,'C',CARR-RET,'B',CARR-RET,'X 1227'rCARRETP'C'tCARRETy
'B' ,CARR-RETP '0' CARR-RET, '0','''t 'I');

24 1 DECLARE SCENE-8 (1) BYTE DATA ('P',0lHt'A'CARRRET.'H'PCARR-RET,'B',CARR-RET,
'S 1'PCARR-RErv'R 225'tCARR-RETt'F l'PCARR-RETt'E'yCARR-RETt'P 5240'9
CARR-RET?'R 180'#CARR-RETP'F 1',CARR-RETP'U'iCARR-RETi'P i800'tCARR-RETt'C'p
CARR-RETY'B'PCARR-RETt'P O'CR-ErOtARREYGPIiPY5''
CARR-RET,'H',CARR-RET,'B',CARR-RET,'S 1',CARR-RETt'R 200'PCARR-RETP'F 1'p
CARR-.RET'E'PCARRRETt'X 10',CARR-RET,'W',CARR-RET,'U',CARR-RET,'P 650'f
CARR-RETv'X 5i5'tCARR-RETv'P 500'?CARR-RETP'X 545'PCARR-RETt'L ZPS'PCARR-RETY
P 650'.CARR-RETP''CARRRET'','''':);

25 1 DECLARE SCENE-9 (1) BYTE DATA ('P't03tIY'A'CARRRET,'H'tCARR-RETt'B',CARR-RETV
/4;'S 1',CARR-RETR L225'?CARR-RETP'F 1'PCARR-RETr'E'tCARR-RETP'X 1000'r

CARR-RETt'P 2950'YCARR-RETP'k 50'PCARR-.RETY'F 1'tCARR-RETr'C'PCARR-RETi'B'v
CARR-RETF'U'FCARR-RETP'P 2800'vCARR-RETvlU'.CARR-RETt'L 1093'tCARR RETY

*'P 290PARR~''CR-Evgt'rFPt4tAtARRT''
CARR-RETt'B'YCARR-RETi'S 1',CARR,.RETR 1'PCARR-RETt'F 2'55,PCARR-RETP'E'l

.e%.i. CARR-RET#'X 100'PCARRKRETt'W'tCARR-RET,'U',CARR-RET,'N 1'PCARR-RETv'G'g

CARR-RET9'X S'YCARR-RETP'P 22'vCARR-RETr'X 5'rCARR..RETi'U'vCARR.RET?'P 21'l
CARR-RETP'X 5'PCARR-RETP'P 26'PCARR-RET9'X 5'tCARR-RETP'L 10t15'00CRRRET,
'P 24',CARR-RET,'0'#CARR-RET'Q','!'t'I');

26 1 DECLARE GO-HOME (1) BYTE DATA ('H'CARP-RETt'N VPCARR-RETt'-'PCARR-RET? '

'OD'FCARR-RET,');

27 1 DECLARE RAISE-MOTOR (1) BYTE DATA ('P',05H,'A' 1CARR-RETP'N',CARR-RETP
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'S 1'qCARR-RETv'R 225'tCARR-RETP'F 1'.CARR-RETp'E'tCARR-RETp
'P 650'.CMRR-ET'I',CARRRE,'O',CARR-RET'O'',');

28 1 DECLARE LOWER-MOTOR (1) BYTE DATA ('H'9CARR-RETp'S 1'YCARR-RET.
'R 225'PCARR-RETY'F 1'.CARR-RET,'E'.CARR-RET,'-',CARR-RET,'N 1200'PCARR-RETP
'G' .CARR-RET. 'I' ,CARR-RET. ' .FCARR-RET, 'OD' CARR RET. 'z');4

zCOMMENTS PRINTED ON THE SCREEN BY THE PRINT PROCEDURE ARE LISTED BELOW.

29 1 DECLARE HELLO (z) BYTE DATA (CARR-RET.LINE-FEED.LINE-FEED.LINE-FEEDLINE-FEED.
'STACS-T TRAINER VERSION 1.0' ,CARR-RETtLINE-FEED. 'NW)

30 1 DECLARE FOO-8M1 (i BYTE DATA C I TOLD YOU THIS 4130* TRAINER CAN''T'
'DO THAT!!''CARRRET.LINE-FEED.'li'.;

31 1 DECLARE HELLO-CON (z) BYTE DATA (CAR-RETLINE-FEEDP'NEED A MENU? (Y OR N)',
CARR-RETPLINE-FEEDi'"');

32 1 DECLARE ITEM-1 (1) BYTE DATA (ITEM 1: TANK MOVES TO THE CENTER OF THE'.
'TRACK AND STOPS .CARR-RET7LINE-FEEDi'l');

33 1 DECLARE ITEM-2 (z) BYTE DATA ('ITEM Z: FRONT TANK RISES FROM TRENCH, MOVING'.
WEST. AND BECOMES THE TARGET'PCARR-RETPLINE-FEED.' CENTER AND 'y

'REAR TAMKS MOVE FROM EAST TO WEST INTO COVER'YCARR-RETYLINE-FEED.':');

34 1 DECLARE ITEN..3 (1) BYTE DATA ('ITEM 3: FRONT TANK RISES FROM TRENCH MOVING '

'WEST. THEN SINKS AGAIN'tCARR-RETPLINE FEED,' CENTER TANK MOVES '

'REST INTO COVER; THEN REAPPEARSt MOVING EAST' ,CARRRETLINL-FEEDt'
'AND BECOMES THE TARGET. REAR TANK MOVES OUT. THEN RETREATS TO 'v

-~CARRRET.LINEJEEDP' ITS REAR INTO COVER'YCARRKRETtLINE-FEED':');

35 1 DECLARE ITEM4 (z) BYTE DATA ('ITEM 4: CENTER AND REAR TANKS MOVE EAST TO '.
- ~'NEST INTO COVER'tCARR-RETtLINE-FEED.' FRONT TANK RISES FROM TRENCH'.

AND BECOMES TARGET AS CENTER AND'YCARR-RETYLINE-FEED.' REAR TANKS'.
DISAPPEAR' .CARR-RETLINE-FEED. '');

36 1 DECLARE ITEM-.5 (z) BYTE DATA CITEM 5: FRONT TANK RISES FROM TRENCH AND 't
'TRAVERSES HILLY TERRAIN'tCARR-RETtLINE-FEED.' CENTER AND REAR '?
'TANKS APPEAR, THEN RETREAT INTO COVER'fCARRRETiLINE-EEDp'z');

37 1 DECLARE ITEM-6 (z) BYTE DATA ('ITEM 6: FRONT TANK MOVES NEST OVER ROUGH 'v
'TERRAIN'tCARR-RETPLINE-FEED,' CENTER AND REAR TANKS MOVE NEST 't
'THROUGH COVEP AND THEN RETREAT'PCARR-RETtLINE-FEED.' BACK INTO IT',

* CARR-RETPLINE-FEEO. 'a'.);

*38 1 DECLARE ITEM..? (s) BYTE DATA ('ITEM 7: TANK MOVES EAST TO WEST ON ANY TRACK'.
CARR-RET#LINE-EED. 's');

39 1 DECLARE ITEM8B (s, BYTE DATA ('ITEM 8: FRONT TANK MOVES WEST TO EAST AS '.

'TARGET' .CARR-RET.LINE-FEED. 3'); I

40 1 DECLARE ITEM-9 (z) BYTE DATA (ITEM?: REAP TANK TRAVERSES OUT MOVES TOWARD '
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q'3, -7 -7F77.77-. %rlul~

'GUNNER' ,CARRRETLINEFEED,'X');

41 1 DECLARE PAGECOMNENT (x) BYTE DATA (CARRRETLINEFEEDyLINEFEEDLINE.FEED,
LIE.FEEDLINEFEED, 'PAGE '); ;

42 1 DECLARE SINGLE-PAGE (i) BYTE DATA (LINEFEED,'PRESS 'E' TO EXIT MENU.',
C.RR_RETpLINE.FEEDLINE.FEED, '1');

43 1 DECLARE FIRSTPAE (z) BYTE DATA (LINEFEED,'PRESS 'N' TO SEE THE NEXT PAGE,',
S'E' TO EXIT MENU',LINE FEEDCARR-ETrLINE FEED,"'');

44 1 DECLARE CENTER.PAGE (1) BYTE DATA (LINE.FEED,'PRESS 'N' TO SEE THE NEXT PAGE,',
' 'P TO SEE THE PREVIOUS PAGE, 'E' TO EXIT ENU',LINEFEEDCARRRET,
LINE.FED,"'/

45 1 DECLARE LAST.PAGE (1) BYTE DATA (LINEFEEDP'PRESS 'P' TO SEE THE PREVIOUS ',

'PAGE, 'E' TO EXIT ENU'LINE.FEEDPCARR.RETLINEFEED,'l');

.'. 46 1 DECLARE FOG (a) BYTE DATA (' THIS STAGS-T TRAINER CAN"T DO THAT!',
CARRRETLINEFEED, 'z');

-1 47 1 DECLARE REQUEST (2) BYTE DATA (CARRRETLINE.FEEDLINEFEEDLINEFEED
,LINEFEED,'WHICH ITEM ?? ');

48 1 DECLARE SIGHT.O (r) BYTE DATA ('DO YOU WISH TO USE THE DAYSIGHT (D) OR THE ',

'NIGHTSIGHT (N)? ','z');

49 1 DECLARE TRACK_ (0 BYTE DATA 'WHICH TRACK DO YOU NISH TO RUN THIS SCENARIO',
ON',CARRRETLINEFEED,' ( = FRONT, 2 = CENTER, AND 3 = REAR)? ','2');

50 1 DECLARE RATING_0 (2) BYTE DATA ('ENTER GUNNER RATING (0, I, OR 2), V);

51 1 DECLARE ITEMPTRS_ (4) POINTER DATA(IITEM.,ITEM-.2,ITEM_3,IITEiIITE.5,"
IITEM.6,UITEM-7, ITEN -,IITEM-9);

' THE FOLLOWING SUBROUTINE INPUTS A BYTE OF ASCII DATA FROM THE TERMINAL

52 1 CIN:PROCEDURE BYTE;
53 2 DO WHILE NOT SHR(INPUT(IOSTATUS),I); ":

51 3 END;
55 2 RETURN MASK AND INPUT(IODATA); %

56 2 ENOC IN;
,". /221111222112222121122211222222222211111121 x x xxf r  '.

O z THE FOLLOWING SUBROUTINE OUTPUTS A BYTE OF ASCII DATA TO THE TERMINAL

57 1 COUT: PROCEDURE (ITEM);
58 2 DECLARE ITEM BYTE;

. 59 2 DO WHILE NOT(INPUT(IOSTATUS));
60 3 END; ,,
61 2 OUTPUT(IODATA)=ITEM;
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62 2 CALL TIhE(15);
63 2 END COUT;

/ZIIllIIllllZZllII IIZIIIZZZXIRIZIIlllll illlZIlX IIIIIIII III/ "../

/s THE FOLLOWING ROUTINE OUTPUTS A CHARACTER TO THE 87ql WHEN CALLED FROIM I/
/z THE MAIN PROGRAM I/
/flflUZZIIZIsxiIIIIxhsssIxutRxIIIxIxxzxxxsx~x mUxx Is gzzzxx uszxzsxsxxgxu/ .-'

64 1 OUTPT: PROCEDURE (OUTDATA);
65 2 DECLARE OUTDATA BYTE, STATCOM BYTE AT (OFOOOH), PDATA BYTE AT (OF002H);
66 2 DO WHILE NOT SHR(STAT.COM,1); /Z WAIT UNTIL UPII IBF = 0 1/
67 3 END;A

. 68 2 PDATA = NOT OUTOATA; /I NOT BECAUSE MULTIBUS INVERTS I/

69 2 END OUTPT;

70 1 PRINT.' PROCEDURE(PNTR); /i PROMPTS THE CONSOLE I/
71 2 DECLARE I WORD;
72 2 DECLARE PNTR POINTER,

CHAR BASED PNTR (1) BYTE;/z CHAR MUST BE AN ARRAY TO KEEP PLM HAPPY I/
73 2 1 0;
74 2 LOOP: DO WHILE CHAR(I) > 'x';
75 3 CALL COUTCHARQ));
76 3 1 = I + I;
77 3 END LOOP;
78 2 END PRINT;

:" ." /zIIIIIIzIIIIIIIIZIIIX I X|IIIIIIgI IIIII IIIIIIIIIIIIZlIII IIIxIl"

z THIS PROCEDURE SENDS AN ENTIRE PROGRAM (OR 'SCENE'), POINTED TO BY z
PROCPTR, TO THE CY512

- 79 1 TANK.PROG: PROCEDURE(PROGPTRLENGT);
80 2 DECLARE PROG_PTR POINTER, LENGT WORD, (ITEM BASED PROGPTR) (1) BYTE'

C WORD;
81 2 C = O;
82 2 DO WHILE C < LENCT;
83 3 CALL OUTPT(ITEM(C));
94 3 C :C+ 1;
85 3 END;
86 2 END TANKPROG;

. THIS PROCEDURE SENDS ALL THE MOTORS TO THEIR HOME POSITIONS,
V.%W

",  
IIZZ|I| I|IIII III|IIII|IIIIZIIIIIIIIIIII|IIIIIIIIIII3|IIIII/

. 87 1 RESET-MOTORS: PROCEDURE;

9 2 I = 0;
89 2 DO WHILE I <, i;
90 3 I I + I;
91 3 CALL OUTPT('P');
92 3 CALL OUTPT(I);
93 3 CALL TANKPROG(UGO HOME,SIZE(GO-HOE));
94 3 END;
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95 2 CALL OUTPT('P');

96 2 CALL OUTPT(05H);
97 2 CALL TAM',PROG(@LOWER.NUTDRSIZE(LOWERMOTOR));

98 2 END RESET-MOTORS;

/s OUTPUTS PAGE 1 OF THE MENU I/

99 1 MENU-.1 PROCEDURE;
100 2 RESPONSE = O;
101 2 CALL PRINT(PACE.COMMENT);
102 2 CALL COUT('1');
103 2 CALL COUT(CARR.RET);

104 2 CALL COUT(LINEFEED);

105 2 CALL COUT(LINEFEED);

106 2 I = O;
107 2 DO WHILE I LENGTH(ITEM.PTRS_1);

108 3 CALL PRINT(ITEM-PTRSJl(I));

109 3 += 1;
110 3 END;

111 2 CALL PRINT(ISINGLEPAGE);

112 2 END ENU_1;

is OUTPUTS PAGE 2 OF THE MENU I/

113 1 MENU-2: PROCEDURE;
114 2 RESPONSE = 0;
115 2 END MENU.2;

!x OUTPUTS PAGE 3 OF THE MENU 1/

116 1 MENU.3: PROCEDURE;

117 2 RESPONSE = 0;
118 2 END MENU-3;

/ OUTPUTS PAGE 1 OF THE MENU I/

- 119 1 MENU.i: PROCEDURE;

120 2 RESPONSE = 0;
121 2 END MENU i;

I..

/ OUTPUTS PACE 5 OF THE MENU I/

122 1 MENU_5' PROCEDURE;
123 2 RESPONSE = 0;

121 2 END MENU_5;

125 1 GIVE.MENU: PROCEDURE;

2100i.°
"a" * 0 *-

.. .. . . . . .. . . . . . . . .. . ..,



126 2 CALL PRINT(PHELLOCON);

127 2 RESPONSE = 0;
128 2 RESPONSE / CIN;
129 2 CALL COUT(RESPONSE; /Z ECHO PRINT I/

130 2 IF (RESPONSE = 59H) OR (RESPONSE 79H) THEN /i UPPEP OR LOWER CASE 'Y' I/
131 2 mU: DO;
132 3 CALL COUT(CARRRET);
133 3 CALL COUT(LIEFEED);
134 3 NENU.DONE = 0;
135 3 NEN O a 1;
136 3 CALL COUT(VECTOR.MODE);
137 3 CALL COUT(CLEARALL);
138 3 CALL COUT(HOME-CURSOR);
139 3 CALL TIME(2000);
140 3 CALL MENU_1;
141 3 DO WHILE NOT MENU-DONE;
142 4 SAME =O; 
143 4 OK=0;.
14 4 RESPONSE CIN;

145 4 IF (RESPONSE = 4EH) OR (RESPONSE 6EH) THEN DO; /I UC OR LC 'N'I 
147 5 IF MENU-NO MAXMENU.NO THEN DO; lid

- 149 6 MENU-NO = MENU-NO + 1;
150 6 09 = 1;
151 6 END;
152 5 ELSE 00;
153 6 SAME = 1;
151 6 CALL COUT(BELL);
155 6 END;
156 5 END;

157 4 IF (RESPONSE = 50) OR (RESPONSE 70H) THEN 00; /1 UC OR LC 'P' I
159 5 IF MENU-NO I 1 THEN DO;
161 6 MENU-NO MENU-NO - 1;
162 6 OK=1;.
163 6 END;
164 5 ELSE DO;
165 6 SAME = 1;
166 6 CALL COUT(BELL);
167 6 END;
168 5 END;

169 4 IF (RESPONSE 45H) OR (RESPONSE 65H) THEN DO;
171 5 MENU-DONE 1 ; /1 UC/LC 'E' I/

" 172 5 OK = 1;

173 5 END;

174 4 IF NOT MENU-DONE THEN IF NOT SAME THEN IF O THEN DO;
178 5 CALL COUT(CLE.ALU);
179 5 CALL COUT(HOMECURSOR);
o10 5 CALL TIME(2000);

181 5 00 CASE (MENU-NO - 1);
182 6 CALL MENU-1;
183 6 CALL MENU-2;
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184 6 CALL MENU_3;
185 6 CALL NENU_4;
186 6 CALL ENU_5;
187 6 END;
log 5 END;

189 4 END;

190 3 END MENU;
191 2 ELSE DO;
192 3 CALL COUT(CARRRET);
193 3 CALL COUT(LINEFEED);
194 3 END;

195 2 CALL COUT(CLEAREALL);

196 2 CALL COUT(HOME-CURSOR);
197 2 CALL TIME(2000);

19 2 END GIVE-MENU;

199 1 TANKINIT: PROCEDURE PUBLIC;

TANKI.NIT PROCEDURE BEGINS HERE

a RESET ALL MOTORS TO STARTING POSITIONS.
xxxlxxxhxhzzIIzzxxIIflzxxxxxxxx lhxxxzxzIIxlztxI uzz uulzxfzIxIx / ii

- - 200 2 CALL RESET-MOTORS;

201 2 CALL COUT(VECTORODE);
202 2 CALL COUT(CLEARALL);
203 2 CALL COUT(HOMECURSOR);
201 2 CALL TIME(2000);

205 2 COMMENTI:
CALL PRINT(@HELLO);

206 2 CALL GIVE-MENU;

207 2 OK1,OI2TOTALYOKFGONOHRESPONSEPPREVIOUS-RESPONSE =0;
208 2 GET-ITEM: DO WHILE NOT TOTALY_0;

*0 /I WAIT TILL A PROPER MENU ITEM IS ENTERED I/
209 3 CALL PRINT (PREGUEST);

210 3 OK10' DO WHILE NOT OKI;
211 1 RESP.1ASCII = CIN;

" 212 4 RESP.I.NNM = RESPI.ASCII-30H;

213 4 IF (RESPIASCII < 3AH) AND (RESPI.ASCII > 30H) THEN /s IS BETWEEN 1 & 9 1/
214 4 DO;
215 5 CALL COUT (RESP-I-ASCII);

212
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216 5 OK1 1;
217 5 END;
218 4 ELSE CALL COUT(BELL);
219 4 END OX-l;

220 3 o0-2: DO WHILE NOT OK2;
221 4 RESP.2_ASCII = CIN;
222 4 RESP2_NUM = RESP2ASCII - 30H;
223 4 IF ((RESP_2.ASCII < 3AH) AND (RESP.2_ASCII > 29H)) OR (RESP_2.ASCII = CARRRET) THEN
224 4 DO;
225 5 IF RESP_2_ASCII < CARRRET THEN CALL COUT (RESP_2.ASCII);
227 5 0K2 - 1;
228 5 END;
229 4 ELSE CALL COUT(BELL);
230 4 END O_2;.

231 3 IF RESP.2_ASCII <) CARR.RET THEN
•2 3. 232 3 DO;

"233 1 RESP-1_NUN= RESP-tNU 1 100;
234 4 RESPONSE = RESP-IHUM + RESP_2_NUN;

235 4 SCENARIO-BUFFER (6) = RESP-I.ASCII;
236 4 SCENARIO-BUFFER (7) = RESP-2_ASCII;
237 1 GO-NOW = 0;

-" 238 4 END;

* 239 3 ELSE DO;
240 4 RESPONSE RESPINUM;
241 4 SCENARIO-BUFFER (6) = SPACE;
242 4 SCENARIO.BUFFER (7) = RESP.IASCII;

- 243 4 GO-NOW = CARRRET;
241 4 END;

- 245 3 IF RESPONSE <= SCENE-COUNT THEN TOTALY.OK 1;

247 3 ELSE DO;
248 4 OKIOK2 0;
249 4 IF RESPONSE <> PREVIOUS-RESPONSE THEN CALL PRINT(IFOO);
251 4 ELSE CALL PRINT(@FOOBAH);
252 4 CALL COUT(CARR.RET);
253 4 CALL COUT(LINEFEED);
254 4 CALL COUT(BELL);
255 1 PREVIOUS-RESPONSE RESPONSE;
256 1 CALL GIVE-MENU;
257 1 END;
258 3 END;

259 2 SCENARIO RESPONSE;

260 2 WAITGO:
DO WHILE GO-NOW , CARR.RET; /I WAIT FOR CARRRET I/

261 3 GO-NOW = CIN;
262 3 IF GONOW ) CARR.ET THEN CALL COT(BELL);
264 3 END WAIT-GO;

265 2 CALL COUT(CARRRET);
266 2 CALL COUT(LINE.FEED);

213
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, SET FLAGS:
x SIGHT.FLAG x I ==> INSTRUCTOR HAS A CHOICE OF DAY OR NIGHT SIGHT
x TRACK-FLAG = I => INSTRUCTOR HAS A CHOICE OF WHICH TRACK TO USE -
a EAST.EST 1 ==> TARGET WILL START FROM THE EAST 3

. STARTING-TRACK => THE TRACK THE SCENARIO WILL START ON
a TARGET-SWITCH = 0 ==> THERE HILL BE NO TARGET SWITCH
. FINAL-TRACK ==> TRACK TO SWITCH TO IF THERE IS A SWITCH a
' CONTINUE => SYNCHRONIZES DIGITALKER
a TURNED :=> INDICATES WHETHER TRACK 3 IS ROTATED I-ROTATED

267 2 SIGHTFLAGEAST-WEST = 1;
268 2 TRACKFLAGTARGETSNITCHFINALTRACKRTURNED = 0;

-269 2 FLAGISET:DO CASE (SCENARIO);

270 3 FLAGSETO:DO; /Z DO CASE EXPECTS Op BUT THERE IS NEVER SCENARIO 0 1/
271 1 END;

272 3 FLAG.SET_!:DO;
273 4 TRACK-FLAG = 1;
274 4 END;

.75 3 FLAG-SET_2:DO;
276 4 STARTING-TRACK 1;
277 4 END; ""

278 3 FLAG-SET.3:DO;
279 1 STARTING.TRACK 2;
280 i END;

281 3 FLAGSET.4:DO;
282 4 STARTING-TRACK 1;
283 4 END;

284 3 FLAG-SET_5:DO;
285 i STARTING-TRACK 1;
286 4 END;

L 287 3 FLAG.SET.6:DO;
288 4 STARTING-TRACK 1;
289 4 END;

290 3 FLAG.SET_7:DO;
291 4 TRACKFLAG = 1;
292 4 END;

293 3 FLAG.SET_8:DO;
294 4 EAST-WEST = 0;
.295 1 STARTINGTRACK 1;
296 4 END;

297 3 FLASET_9:DO;
298 4 STARTING-TRACK 3;
299 4 TURNED 1;

214

o- .
*-.-~*~.-~-~ ..



300 4 END;

301 3 END FLAGSET;

302 2 DONE 0;

303 2 IF SIGHT-FLAC THEN DO WHILE NOT DONE; /1 WE HAVE A CHOICE OF DAY/NIGHT SIGHT I/

305 3 RESPONSE :0;
306 3 CALL PRINT(LIGHTO);
307 3 RESPONSE CIN;

-; 308 3 CALL COUT(RESPONSE);
309 3 CALL COUT(CARRRET);

-. 310 3 CALL COUT(LINEFEED);
311 3 CALL COUT(LIEFEED);
312 3 IF (RESPONSE =4H) OR (RESPONSE : 64H) THEN DO; /I UC OR LC ID' I/

- ~ 314 1 DONE =i; r
% 315 4 DAY-SIGHT 1; /1 USE DAY SIGHT z/

316 4 END;
317 3 IF (RESPONSE : 4EH) OR (RESPONSE = 6EH) THEN DO; /I UC OR LC 'N$ i/
319 4 DONE z 1;
320 4 DAY-SIGHT O; /1 USE NIGHT SIGHT a/
321 4 END;

322 3 IF NOT DONE THEN CALL COUTIBELLI;

324 3 END;

325 2 DONE = 0;

326 2 IF TRACK-FLAG THEN DO WHILE NOT DONE; /Z WE HAVE A CHOICE OF TRACK a/

. 328 3 RESPONSE c; 
329 3 CALL PRINT(ITRACK_0);
330 3 RESPONSE = CIN;
331 3 CALL COUT(RESPONSE);
332 3 CALL COUT(CARRRET);

" 333 3 CALL COUT(LINEFEED);
- 331 3 CALL COUT(LIEFEED);

335 3 IF (RESPONSE > 30H) AN (RESPONSE 34H) THEN DO;
- 337 4 STARTING-TRACK = RESPONSE - 30H; I' SELECT STARTING TRACK z/

338 4 DONE = 1;
339 4 END;
340 3 ELSE CALL COUT(BELL);

341 3 CALL TAWPROC(R@AISE.tOTORtSIZE(RAISE.OTOR));

342 3 END;

343 2 RESPOMSEDONE = 0;
344 2 DO WHILE NOT DONE;
345 3 CALL PRINT(RATINGO);

. 346 3 RESPONSE a CIN;
347 3 CALL COUT(RESPONSE);
348 3 CALL COUT(CARR.RET);
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319 3 CALL COUT(LINE.FEED);
350 3 RESPONSE = RESPONSE - 30H;
351 3 GUNER.RATINC = RESPONSE;
352 3 IF ((RESPONSE >= 0) AND (RESPONSE <= 2)) THEN DONE 1;
354 3 ELSE CALL COtT(BELL);
355 3 END;

356 2 CONTINUE = 1; /z USED TO SYNCHRONIZE OPERATIONS WITH 'DIGITALKER' x/

* 357 2 END TANKINIT;

358 1 TANCSTART: PROCEDURE PUBLIC; /I CALL AFTER SCREEN PRESENTATION COMPLETE I/

-; 359 2 CALL OUTPT('T');
360 2 CALL OUTPT(STARTINGTRACK);

361 2 IF TRACK-FLAG THEN 0
363 3 CALL OUTPT('P');

" 364 3 CALL OUTPT(STARTINGTRACK);
365 3 END;

366 2 DO CASE (SCENARIO);
367 3 CALL TANKPROC(9SCENEOSIZE(SCENEO));
368 3 CALL TAWKPROG(9SCENEIjSIZE(SCENEI)j1;
369 3 CALL TANK.PROC(@SCENE_2,SIZE(SCENE_2));
370 3 CALL TANK-PROG(@SCENE_3tSIZE(SCENE_3));
371 3 CALL TANKPROG(@SCENEiSIZE(SCENE.4));
372 3 CALL TANPROG(ISCENE_5,SIZE(SCENE.5));
373 3 CALL TANKPROG(@SCENE_6,SIZE(SCENE.6));

-. 371 3 CALL TANKPROG(9SCENE.7,SIZE(SCENE_7));
375 3 CALL TANK.PROG(ISCENE.JSIZE(SCENEO));
376 3 CALL TANK PROG(ISCENE.9,SIZE(SCENE.9));
377 3 END; -

, . 378 2 CONTINUE 1;

379 2 END TANK-START;

z WE NOW WISH TO STOP THE TANKS IMMEDIATELY AND WAIT FOR RESET.
..,IIIIIIlIIIilzIIzIIuEzIII IzIIIIIIIIIIfIIzI zlIIIIIIIIIIIzIIIlI/ J.-

190 1 TANKKILLED: PROCEDURE PUBLIC;

381 2 CALL OUTPT('R'); /I RESET ALL CY512S I/ F:

382 2 END TANK-KILLED;

383 1 END TOWSTARTUP.NODULE;

9. 216
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CROSS-REFERENCE LISTING

DEFN ADDR SIZE NME ATTRIBUTESi AMD REFERENCES

5 ADN3ACLEAR. . . . . LITERALLY
5 AD3A_OE , , LITERALLY

5 ALPHA. P _OIMODE. LITERALLY
3 BELL .... . LITERALLY 154 166 218 229 254 263 323 340 354
80 0002H 2 Co ....... WORD 81 82 83 84
3 CARRRET . .... LITERALLY 16 17 18 19 20 21 22 23 21 25 26 4'

27 29 29 30 31 32 33 34 35 36 37 38 39 40 ,
41 42 43 41 45 46 47 49 103 132 192 223 225 231
243 252 260 262 265 309 332 348

44 OCOEH 83 CENTER-PACE. . . . . BYTE ARRAY(83) DATA
1 72 O000H I CHAR . . . . . . . . BYTE BASED(PNTR) ARRAY(1) 74 75

52 ODC2H 21 CIN. . . . . .. . PROCEDURE BYTE STACK=0002H 128 144 211 221 261 307 330
346

5 CLEA-ALL, * . . . LITERALLY 137 178 195 202
6 CNTR2tODE. . , . . . LITERALLY .4

205 1OEOH COMMENT1..... LABEL
9000014 1 CONTINUE ...... BYTE EXTERNAL(5) 356 378
6 CONTROL. . . . . . . LITERALLY
6 COUNTER2. . . . . . LITERALLY
57 ODO7H 34 COUT . . . . . . . . PROCEDURE STACK=OOO4H 75 102 103 104 105 129 132 133

136 137 138 154 166 178 179 192 193 195 196 201 202 203
4" 215 218 226 229 252 253 254 263 265 266 308 309 310 311

323 331 332 333 334 340 347 348 349 354

9 0OOH 1 DAY.SIGHT . . . , BYTE EXTERNAL(O) 315 320
15 0014H 1 DONE ........ BYTE 302 304 314 319 322 325 327 338 313 3 4 353
9 000014 1 EAST-EST. . . . . . BYTE EXTERNAL(i) 267 294
9 00OH I FINAL-TRACK. . BYTE EXTERNAL(3) 268

43 08gH 53 FIRST.PACE . . . . BYTE ARRAY(53) DATA
269 12961H FLAG-SET . . . . . . LABEL
270 12A3H FLASET. . LABEL
2.. 272 12A3H FLAGSETI . . . . . LABEL '4
275 12A3H FLAGSET2 . . . , . LABEL
278 12A3H FLA.SET_3 . . . . . LABEL
281 12AEH FLAGSET_4 . . . . . LABEL
284 12AEH FLASET_5 . . . . . LABEL
287 12AEH FLAC.SET.6 LABEL
290 12AEH FLAGSETJ . . . . . LABEL
293 12B5H FLAG-SE8 . . . . . LABEL
297 12C9H FLAG.SET.9 . . . . LABEL

46 0C9AH 40 FOO. ........ BYTE ARRAY(40) DATA 250
4. 30 075 54 FOO.BAH. , . . . . BYTE ARRAY(54) DATA 251

208 1100H GETITEM ,..... LABEL
125 "-3514 382 GIVE-MENU . . . PROCEDURE STACK=0014H 206 256
26 0607H 26 GO-HONE. . . . . . . BYTE ARRAY(26) DATA 93
11 000514 I GONOW...... BYTE 207 237 213 260 261 262
5 GRAPHICS-CLEAR . . LITERALLY

10 60801H I GUNNERRATING. . . . BYTE AT ABSOLUTE 351
29 0738H 35 HELLO. ....... BYTE ARRAY(35) DATA 205
31 0791H 26 HELLO-N, . . . BYTE ARRAY(26) DATA 126 '4
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. 5 HOME.CURSOR. . . . . LITERALLY 138 179 196 203

11 0009H 1 I .... . BYTE 8 89 90 92 106 107 108 109
710000 3 2 I .... . WORD 73 74 75 76

INPUT........ BUILTIN 53 55 59
4 IOATA . ... . LITERALLY 55 61
4 IOSTATUS . . . . . . LITERALLY 53 59

s0 O0001 1 ITEM *, BYTE BASEO(PROG_PTR) ARRAY(1) 83
57 0004H I ITEM . . . . . . . . BYTE PARAMETER AUTOMATIC 58 61
32 07ABH 58 ITEM.1 9 BYTE ARRAY(58) DATA 51
33 07E5H 141 ITEM_2 . . . . . . . BYTE ARRAY(141) DATA 51 .,
34 087214 243 ITEM_3 . . . . . . . BYTE ARRAY(243) DATA 51
35 0965H 163 ITEM4 . . . . . . . BYTE ARRAY(163) DATA 51
36 0AOBH 130 ITEI_5 . BYTE ARRAY(130) DATA 51
37 OABAH 145 ITEM_6 . . . . BYTE ARRAY(1IS) DATA 51
38 018H 47 ITEM_7 . BYTE ARRAY(47) DATA 51
39 OB4AH 50 ITEM8 . . . . . . . BYTE ARRAY(50) DATA 51
40 087CH 53 ITEM_9 ... .. BYTE ARRAY(53) DATA 51
51 000H 36 ITEMPTRS_1 . . . POINTER ARRAY(9) DATA 107 108
45 OC61H 57 LAST-PACE. . . BYTE ARRAY(57) DATA
79 0004H 2 LENT. . . . . . NIORD PARAMETER AUTOMATIC 80 82

LENGTH. . . ... BUILTIN 107
8 LINE-FEED, . . . . . LITERALLY 29 30 31 32 33 34 35 36 37 38 39

40 41 42 43 14 45 46 47 49 104 105 133 193 253
266 310 311 333 334 349

*. 74 OE28H LOOP, .L.. LABEL
28 0713H 37 LOWER-MOTOR. . . . . BYTE ARRAY(37) DATA 97
4 MASK . ... .. LITERALLY 55
; 2 MAXMENU-NO. , LITERALLY 147

131 OF64H MENU ,.. LABEL
99 OEB5H 88 MENU_ . . . . . . PROCEDURE STACK=0010H 140 182
113 OFODH 10 MENU_2 * # PROCEDURE STACK=0002H 183
116 OFI7H 10 MENU.3 . . . . , PROCEDURE STACK=0002H 184
119 OF21H 10 MENI.q . . . . PROCEDURE STACK=0002H 185
122 0F2BH 10 MENU.5 . . . . . . PROCEDURE STACK=0002H 186
11 0007H 1 MENUDONE, , , , BYTE 134 141 171 174
11 0006H 1 IENU.NO. . . . . . BYTE 135 147 149 159 161 181
15 0015H 1 OX #, , ,, BYTE 143 150 162 172 176

' 12 0008H 1 OK# . , # , BYTE 207 210 216 248
12 OOOCH 1 O s2, , , , , o , BYTE 207 220 227 248

210 1115H OK1 o o o 1 o99 LABEL
220 1I4AN OK.2 ..... t LABEL
64 0004H I OUTATA, , . ... BYTE PARAMETER AUTOMATIC 65 68

. 64 ODF9H 38 OUTPTo . . , . . . . PROCEDURE STACK=0004H 83 91 92 95 96 359 360 363
364 381

OUTPUT 9  ,,. BUILTIN 61
41 OBBIH 12 PAGECOMNENT . . . . BYTE ARRAY(12) DATA 101

" 70 0004H 4 PNTR . . . . . . .. POINTER PARAMETER AUTOMATIC 72 74 75
It 00W I PREVIOUS.ESPONSE,, BYTE 207 249 255

* .. * 70 01FH 38 PRINT. . . . s , , PROCEDURE STACK000CH 101 108 111 126 205 209 250 251 r
306 329 345

79 0006H 4 PROG.PTR ,o , . POINTER PARAMETER AUTOMATIC 90 83
- 65 F002H I P.DATA ...... BYTE AT ABSOLUTE 68
. 27 06FIH 34 RAISE-MOTOR. ., BYTE ARRAY(34) DATA 341

50 OD6FH 36 RATING..O . , . BYTE ARRAY(36) DATA 345
47 OCC2H 20 REQUEST. . . . . . BYTE ARRAY(20) DATA 209
87 0E68H 74 RESET-MOTORS . . . . PROCEDURE STACK002I'H 200
11 0004H 1 RESPONSE . . . . BYTE 100 114 117 120 123 127 128 129 130 144 145 157
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169 207 234 240 245 249 255 259 305 307 308 312 317 328

330 331 335 337 343 346 347 350 351 352

14 OOOEH 1 RESPIASCII . . . BYTE 211 212 213 215 235 242
14 0010 1 RESPNUM . . . . BYTE 212 233 234 240
14 OOOFH 1 RESP_2_ASCII . . . . BYTE 221 222 223 225 226 231 236

14 0011H 1 RESP_2_NU . . . . . BYTE 222 234
15 001614 1 SAME ... BYTE 142 153 165 175
11 000814 1 SCENARIO . , BYTE 259 269 366
13 0000H 9 SCENARIO-BUFFER. . BYTE ARRAY(9) EXTERNAL(6) 235 236 241 242
16 0024H I SCENEL. . . . . . . BYTE ARRAY(l) DATA 367
17 0025H 52 SCENE_. . . . . . . BYTE ARRAY(52) DATA 368
18 0059H 216 SCENE2. . . . . . . BYTE ARRAY(216) DATA 369
19 0131H 252 SCENE3. . . . . BYTE ARRAY(252) DATA 370
20 022DH 223 SCENE_4. . . . . . BYTE ARRAY(223) DATA 371
21 030CH 259 SCENE5. . . . . . . BYTE ARRAY(259) DATA 372
22 040FH 284 SCENE_6. . . . . . . BYTE ARRAY(284) DATA 373
23 0528H 99 SCENE7. . . . . . . BYTE ARRAY(99) DATA 374
24 O58EH 136 SCENEB. . . . . . . BYTE ARRAY(136) DATA 375
25 0616H 193 SCENE_9, . . . . . BYTE ARRAY(193) DATA 376
2 SCENE-COUNT. . . . . LITERALLY 245
6 SETCOUNT LITERALLY

SHR ..... . BUILTIN 53 66
15 0012H 1 SIGHT-FLAG . . . . . BYTE 267 303
48 OCD6H 60 SIGHTO, . . . . . BYTE ARRAY(60) DATA 306
42 OBBDH 28 SINGLE-PAGE, . . BYTE ARRAY(281 DATA 111

SIZE. . . . . . BUILTIN 93 97 341 367 368 369 370 371 372 373 374 .,
375 376

3 SPACE. . . . . ... LITERALLY 241
9 000014 1 STARTING-TRACK , , , BYTE EXTERNAL(I) 276 279 282 Z85 288 295 298 337 360

364
65 FOOOH 1 STAT.CO . . .. . . BYTE AT ABSOLUTE 66
199 I0B3H 932 TANKINIT . . . ... PROCEDURE PUBLIC STACK=0018H
380 1528H 18 TANK-KILLED . .. . . PROCEDURE PUBLIC STACK=0008H
79 OE45H 38 TANKPROG. ..*. . . PROCEDURE STACK=OOOEH 93 97 341 367 368 369 370 371

372 373 374 375 376
358 1457H 209 TANKSTART .... PROCEDURE PUBLIC STACK=OOI2H
9 0000H I TARGET-SNITCH . .. . BYTE EXTERNAL(2) 268 -'

TINE BUILTIN 62 139 180 197 204

12 OOODH 1 TOTALYOK . . . ... BYTE 207 208 246
I ODC2H TOMSTARTUPNODULE. PROCEDURE STACK=OOOOH

15 0013H 1 TRACK-FLAG . . . . . BYTE 268 273 291 326 361

49 0012H 93 TRACK .. . . BYTE ARRAY(93) DATA 329
10 6081H 1 TURNED .... BYTE AT ABSOLUTE 268 299
7 USARTCONNAND. . . . LITERALLY
7 USARTCONTROL. . . . LITERALLY

* 7 USARTNODE . . . . . LITERALLY

5 VECTOR-MODE. . . . . LITERALLY 136 201 -N

*O 260 124314 WAIT-GO. , . LABEL

MODULE INFORMATION:

* CODE AREA SIZE = 153AM 5434D
CONSTANT AREA SIZE = OOOOH OD
VARIABLE AREA SIZE = 0017H 230

AXIMUM STACK SIZE = 0018H 240
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730 LINES READ
0 PROGR ERROR(S)

END OF PL/M-96 COIPILATION
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APPENDIX G

TOW STATISTICAL PACKAGE

Four program modules were modified to incorporate the TOW Statistical
Package. The modifications were relatively simple because all the necessary
information is collected in real-time during simulated missile flight with

". statistical analysis being a subsequent operation.

Figure G-1 shows the PLM/86 addition to the TOW Flight Module which
calculates gunner aiming error statistics in elevation and azimuth. These
include mean and unbiased (M-1) standard deviation in both axes for selected
time intervals.

Figure G-2 shows the revised TOW Utility Module procedure "HX2AS" which
processes both statistics and miss information.

Figure G-3 shows the revised TOW Main Module procedure "Action-Wait" which
waits for a command for either statistics or a reprise presentation.

Figure G-4 (A, B and C) shows program additions to the PIP Keyboard-IO
Module.

*JI 6I221
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228 1 STATISTICS: PROCEDURE PUBLIC;
22 2 DECLARE H-MEAN (6) BYTE AT(OAOA2H)f H-DEV (6) BYTE ATHOAOA8H);

1 30 2) DECLARE MEAN-RIGHT BYTE AT(OAOAEH);
2131 2 DECLARE Y-MEAN (6) BYTE AT(OAOB2Hhi Y.DEV (6) BYTE AT(OAOBBH);
232 DECLARE MEAN-UP BYTE AT(OAO8EH);
233 2 DECLARE DO-STATS BYTE AT(OAo9oH);
2L34 2 DECLARE STATS-READY BYTE ATOA091H);
235 2 DECLARE START-TIME BYTE AT0OA092H);
2136 2 DECLARE ENDJM YEA(A9H
237 2 DECLARE ENb AT TARGET B:YTE AT(OA094H);

*-238 2 DECLARE (START-COUNTt END-COUNTi I) WORDY (SIGMAY9 SIGMA-Zi
SIGMA-Y-SO SIGMA_ QS~ F-COUNT) REAL;

*239 2 DECLARE (VAR-Yp VARZ, MEAN-GAEY? MEANGAEZtSTDDEVY? STDDEV_&Z REAL;
24n 2 SIGMA-Yi SIGMAZp SIGMA-YSQ, SIGMAJ3Q = .0;
11 2 0-STATS =0;
21 2 START-COUNT =25 1 START-TIME;
LIU1 2 END-COUNT =25 x END-TIME;
241 IF END-COUNT > UNSIGN(COUNT) THEN BEYOND: DO;
246 3 END-COUNT =UNSIGN(COUNT);
2&7 END-AT-JARGET =1;
248 3 END BEYOND;
219 2 F-COUJT zFLOAT(INT(END-COUNT - START-COUNT));
20 2 SIN

DO I = STAP7_COUNT +1) TO END-COUNT;
251 3 SIGnAY SIGMA-Y + RESULTSI.S-GAEY;
252 3 SIGMA-Z SIGMA-Z + RESULTS(I).S-GAE7;

253 4 IM).O SG~fS RESULTS(fl.S-GAEY x RESULTSI.S-GAEY;
251 SIGMA]30 =SIGMA2-S + RESULTS(I.S-AEZ x FESULTS(I).S-GAEZ;

*-255 3 END SIGMA;
256 2 NEAN-GAEY = SIGMA)/F-COUNT:
25) 2 VAR-Y (SIGMAY-O - SIGMA-Y I MEAN-GAEY)/(F-COUNT - 1.);
258 2 IF VAR-Y / .OE-12 THEN VAR Y 0.0; /x SMALLEST REPRESENTABLE SDEV. w/
260 2 STD-DEV-Y aqerY2Y(VAP-.Yg 0.5);
2L61 2 MEAN-CAEZ SIGMA_7/FCOUNT;
262 2 VAR_] = (SIGMAZ50S - SIGMA]Z x MEAN-GAEZ)/(F-COUNT - 1.);

23 2 IF VAR-2 1,OE-112 THEN VARZ =0.0; zi SMALLEST REPRESENTABLE SDEV. g!K :265 2 STDEDV-Z = m'le-YXVAFt ,S);
266 2 IF MEAN-GAEY K0. THEN MEAN RIGHT = ; ELSE MEAN-RIGHT =1;

269 2 IF NEAN..GAEZ 0. THEN MEAN-UP =o0 ELSE MEAN-UP 1;
2 - CALL HKAS1FIX(MEAN.GAEY x 1,Eb)qPHMEAN);

^473 2 CALL HX2AS(FIX(STDDEYY I 1.E6?HDEV);
274 2 CALL HX2AS(FIX(MEAN-GAEZ I 1,E6),g'LMEAN);
275 2 CALL HX2ASfFIX(STD DEV] .6,VE:
2's 2 STATS-READY =1;

* 27~ 2 END STATISTICS;

Figure G-1. Addition to TOW Flight Module.

222



/ HX2AS CONVERTS AN INTEGER TO ASCII CHARACTERS WITH THE
LEAST SIGNIFICANT DIGIT IN THE TENTHS POSITION z/

-'--- I KX2AS: PROCEDURE (IHEXASCII.ADR) PUBLIC;-. " 5 2 DECLARE ASCIIADR POINTER, IHEX INTEGER, HEX WORDY

ASCII BASED ASCIIADR (6) BYTE, N INTEGER P REMAINDER WORD;
6 2 IF IHEX ' 0 THEN HEX = UNSIGN(-IHEX);
8 2 ELSE HEX = UNSIGN(IHEX);
9 2 DO N = 4 TO 0 BY- 1;

10 3 REMAINDER HEX MOD 10 + 30H;
11 3 ASCII(N) LOW(REMAINDER);
12 3 HEX = HEX/I;
13 3 END;
14 2 IF NO-TENTHS = 0 ,' NO TENTHS I DURING REPRISE x/
15 2 THEN DO;
16 3 ASCII(5) = ASCIIi();

* . 17 3 ASCII(4) ='';
18 3 END:
19 2 N=O;
20 2 DO WHILE (ASCII(N) 30H) AND (N SIGNED(3 + NO_TENTHS)); /z REPLACE LEADING ZEROES WITH BLANKS 3'

21 3 ASCII(N) = 20H;
22 3 N = N + 1;

- 23 3 END;
24 2 END HX2AS;

Figure G-2. Revised "HX2AS" Procedure.

187 1 ACTION-WAIT: I' WAIT FOR REPRISE 1/
DO FOREVER;

188 2 ACTION = NOT(INPUT(PORTB) AND 04H;
" 189 2 IF ACTION = 4 THEN CALL HREPRISE;

191 2 IF DOSTATS THEN CALL STATISTICS;
193 2 END ACTIONWAIT;

Figure G-3. Revised "Action-Wait" Procedure.
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43 1 DECLARE STATS.MSG.I (I) BYTE DATA ('ENTER START TIME: ')

44 1 DECLARE STATSMSG_2 (1) BYTE DATA ('ENTER END TIME : ');
45 1 DECLARE ALPHA.MODE-HOME (1) BYTE DATA (33Q,14Q);
46 1 DECLARE STATSMSC0 (I) BYTE DATA (330,14Q,350,620,1700,520,1120,370,'STAGS/T',

'STATISTICAL PACKAGE',350,620,1420,460,114Q'
370,'(MEAN AND STANDARD DEVIATION IN MICRORADIANS)',
CRLFLFLFY

LF);
47 1 DECLARE STATS.NSG.3 (1) BYTE DATA (350,520,1600,450,1310,37Q,' ELEVATION',

350520,1600,66Q,1000,370t' AZIMUTH',CRLF,
LFLF,

MEAN : MEAN :',CRLFLFLF,
STANDARD STANDARD ',CRLF,
DEVIATION: DEVIATION:' ,CRLFLFLF,
DIRECTION: DIRECTIN:',350);

48 1 DECLARE STATSMEANV (W) BYTE DATA (350,500,156O,510,1060,370);
49 1 DECLARE STATSSTDDEV-V (z) BYTE DATA (35G,450,166O,51,1060,37Q);
50 1 DECLARE STATSDIF-V (z) BYTE DATA (350,430,164Q,520,1020,370);
51 1 DECLARE STATSMEAN.H (1) BYTE DATA (350,50O,1560,700,1360,370);
52 1 DECLARE STATSSTDDEVH (z) BYTE DATA (350,45Q?166Q,700,1360,370-;
53 1 DECLARE STATSDIRH (1) BYTE DATA (350,430,164Q,710,1320.370);

54 1 DECLARE RIGHT (1) BYTE DATA ('RIGHT');
55 1 DECLARE LEFT (1) BYTE DATA ('LEFT');
56 1 DECLARE UP (1) BYTE DATA ('UP' );
57 1 DECLARE DOWN (1) BYTE DATA ('DOWN');,

Figure G-4(A). Addition to "Keyboard-lO" Module.
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1 THE FOLLOWING PROCEDURE IS FOR GENERATING THE STATISTICAL DATA AFTER A
I FLIGHT. THE USER MAY INPUT THE BEGINING TIME AND AN ENDING TIME IF LESS,
I THAN THE TOTAL FLIGHT TIME IS DESIRED.

236 1 STATSROUTINE: PROCEDURE PUBLIC;

237 2 R.ENTRY: CALL PRINT (@ALPHAMODE-HOME, LENGTH(ALPHA.IDE-OE));
238 2 CALL TIME(1700D); /a DELAY UNTIL FINISHED 0165 MILLISECONDS)z/

" 239 2 FAST,IPDOSTATSSTATSRDYENDAT.TARGETSTATSREO 0;
240 2 CALL PRINT (@STATSMSG.O, LENGTH (STATS.MSG_0));

/z WE ARE NOW READY TO OUERRY THE USER:
(1) WE DISPLAY 'STATISTICAL ANALYSIS PROGRAM'
(2) PRINT 'ENTER START TIME: ' (INGEST UP TO TWO DIGITS)
(3) PRINT 'ENTER END TIME : ' (INGEST UP TO TWO DIGITS)
(4) UPON ENTERING THE SECOND NUMBER OR A CR THEN CLEAR SCREEN
(5) IF A BEGINNING TIME WAS NOT ENTERED THEN SET START-TIME TO 0
(6) IF AN ENDING TIME WAS NOT ENTERED THEN SET END-TIME TO 16
(7) ANNOUNCE TO THE MFS THAT THE LIMITS ARE SET (DOSTATS 1)
(8) WHEN THE DATA IS READY (STATS-RDY = 1) THEN PROCEDE TO DISPLAY IT 1/

.. ".,

241 2 TEMP-BUFFER(O),TEMPBUFFER(1) = 30H; /z SET THE BUFFER = 00 x/

242 2 CALL PRINT (@STATSMSGIt LENGTH(STATSMSGI);
243 2 CALL CI;
244 2 IF CHAR [ CR THEN TEMPBUFFER(O) = CHAR;
246 2 ELSE GOTO SKIP-IT; /I JUMP IF A CR IS RECEIVED I/
247 2 CALL CI;
248 2 IF CHAR (.: CR THEN DO;
250 3 CALL CO (CARRIAGE.RETURN):
251 3 TEMPBUFFER(1) CHAR;
252 3 END;
253 2 IF CHAR CR THEN DO;
255 3 TEMPBUFFER(1) = TEMFBUFFER(O);
256 3 TEMPBUFFER(O) = 30H;
257 3 END;
258 2 SKIP-IT: CALL CO (LF);
259 2 CALL CO (LF);
260 2 START-TIME = ASCIITOHEX (@TEMPBUFFER(0)2t);
261 2 IF START-TIME 16 THEN STAPTTIME 16;

263 2 TEMPBUFFER(O),TEMP_BUFFER(1) 30H;
264 2 LALL PRINT (@STATS.MSG_2, LENGTH(STATSMSG2n);
265 2 CALL CI;

266 2 IF CHAR > CR THEN TEMP.BUFFER(O) CHAR;
0. 268 2 ELSE DO; /z IF CR THEN SET END-TIME TO 16 AND BAIL OUT z/

269 3 ENDTIME = 16;
270 3 GOTO SKIPIT2;
271 3 END;

272 2 CALL CI;
273 2 IF CHAR CR THEN DO;
275 3 CALL CO (CARRIAGE.RETURN);

. 276 3 TEMPBUFFER(1) = CHAR;
277 3 END;

Figure G-4(B). Addition to "Keyboard-TO" Module.
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*.. .. . . .. * -. °.- --- '---. --

278 2 IF CHAR CR THEN DO;
280 3 TEMP_8BUFFER(l) TENP.BUFFER(0);
,81 3 TEW-jFFER(O) = 30H;
282 3 END;
293 2 SIP.IT2: CALL CO (LF);
284 2 CALL CO (IF);
285 2 CALL CO (LF);
286 2 END-TIME = ASCII-TO-HEX (TEKP.BUFFER(0),2);
287 2 IF ENDTIME > 16 THEN END-TIME = 16; /z WE NOW HAVE BOTH VALUES z/

289 2 IF E-I)TIME <= START-TIME THEN GOTO RE-ENTRY; f

291 2 CALL PRINT (PSTATSSG_3, LENGTH (STATSNSG3));

292 2 DOSTATS 1; /1 ALERT THE MFS I/

293 2 DO WHILE STATSRDY 0; /1 WAIT TILL THE DATA IS READY X/ ,,
294 3 END;

295 2 CALL PRINT (gSTATSMEANH, LENGTH (STATSMEANH));
296 2 HOR-MEAN: DO I 0 TO 5;
297 3 CALL CO (HMEAN(I));
2198 3 END;

299 2 CALL PRINT (@STATSSTDDEVH, LENGTH fSTATS-STD-DEV-H));
300 2 HOR-DEV: DO I = 0 TO 5;
301 3 CALL CO (H.DEV(I));
302 3 END;

303 2 CALL PRINT (@STATSDIR-H, LENGTH(STATS-DIR-H));
304 2 IF MEAN-RIGHT THEN CALL PRINT (IRIGHT, LENGTH (RIGHT));
306 2 ELSE CALL PRINT (ILEFT, LENGTH (LEFT));

307 2 CALL PRINT (PSTATSMEAN.V, LENGTH (STATS-MEAN.V));
308 2 VER-MEAN: DO I = 0 TO 5;
309 3 CALL CO (V.EAN(I));
310 3 END;

311 2 CALL PRINT (@STATSSTD.DEVV, LENGTH (STATSSTDDEVV)); V.

312 2 VER-DEV: DO1=0 TO 5;
313 3 CALL CO (VDEV(I));
314 3 END;

* 315 2 CALL PRINT (eSTATS.DIRV, LENGTH(STATS.DIR-V));
316 2 IF MEAN-UP THEN CALL PRINT (QUP, LENGTH(UP));
318 2 ELSE CALL PRINT (ODOWN, LENGTH (DOWN));

319 2 CALL CO(350); /z SHIFT BACK TO VECTOR MODE I/

32n 2 END STATS-ROUTINE;

321 1 END KEYBOARD.TO;

Figure G-4(C). Addition to "Keyboard-TO" Module.
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